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Potassium molybdo- and molybdicyanide, in sp ite  of th e ir 
close resemblance w ith potassium ferro- and ferricyan id e  
have attracted  l i t t l e  atten tion  by workers in  the f lB ld  of 
inorganic and physical chem istry. ISalike the a lk a li ferro- 
and ferricyan id es i t  is  not only d iffu c lt  to prepare and 
obtain them in  a pure form, these compounds undergo byd ro lytlc 
decomposition and are very much susceptible (p a rticu la rly  
potassium molybdicyanide) to lig h t and, hence, need more 
ca re fu l handling and controlled m anipulation during th e ir 
in vestig a tio n . I t  is  fo r th is reason that few references 
are ava ilab le  in  the ex isting  lite ra tu re  on th e ir physico­
chemical p rop erties. Nevertheless, whatever l i t t le  that has 
been done on the various aspects of the problem is  of great 
s ig n ificance and is  worthmentioning.
The most outstanding contribution in  th is f ie ld  is  
that of W. Wardlaw, who besides repeating and extending the 
observations of C h ile so tti (Gazzetta, i i ,  493, 1904) 
and Rosenheim and co-workers (Z . anorg. chem., 166, 1909) 
reported a number of metal complexes of molybdocyanic acid 
and studied th e ir reactions and properties w ith  a view to 
characterise them. Tetra S ilv e r  molybdenum octacyanide was 
obtained by adding s ilv e r  n itra te  so lu tion  to a solution of 
potassium molybdocyanide w hile cupric molybdocyanide was 
prepared by the double decomposition o f potassium molybdocyanid(
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w ith  copper sulphate. These metal molyMocyanogen complexes 
were fotind to react w ith  ammonia to give compounds of the 
type Ag4 Mo(CN)g and (^^3)4 Mo(CN)g* He also
prepared the corresponding thallous sa lts  and from the resu lts 
of analysis concluded that the water of c ry s ta llis a tio n , 
which was present in  majcy o f these complexes, was not an 
essen tia l constituent o f the coordination complex* He also 
made use of the reaction  of s ilv e r  sa lts  in  obtaining a pure 
sample of potassium m olybdicyanide. The method consisted in  
oxid ising potassium molybdocyanide so lu tion  w ith  acid  permangar 
nate and adding excess of s ilv e r  n itra te  to the oxidised 
product wherety a reddish brown p rec ip ita te  of s ilv e r  
molybdicyanide was obtained. This compound on decomposition 
w ith  potassium ch loride (a  l i t t le  le ss thaa the th eo re tica l 
amount) gave a yellow  so lu tion , which a fte r concentrating in  
a vacuum desicator over phosphoric oxide gave yellow  needles, 
o f K3Ho((3H)g. On carrying out th is  decomposition w ith d ilu te  
'hydrochloric acid in  a freezing bath, a reddish orange 
substance (pre^sumably a hydrochloride o f the complex acid ) 
was obtained. The product a fte r f ilt r a t io n  and drying in  a 
vacuum over KOH and phosphoric oxide gave orange coloured 
c rys ta ls  of H3Mo(GN)g, 3H 0^ . Wardlaw, besides carrying out 
extensive studies on potassium molybdo- and molybdicyanides, 
discovered some new d eriva tives lik e  K^ CMoCOH)^  ^ (CN)/^), x ]^0 
or K/j,(Mo02(C3f )4) , (x  t  2) H^ O (red  in  colour) by in teracting  
one gm, mol, o f quinquevalent molybdenum sa lts  w ith  4 gm, 
mols, o f potassium cyanide. These compounds exhibited numerous
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in te restin g  p rop erties. ?o r example , w ith  excess of 
potassimn cyanide the red sa lt reverted to the yellow  one in  
accordance w ith  the equations:
K4(Mo(0H)j^(CN)^) t  K^CN s K4Mo(CN)g  ^ 4K0H
Ki^(ao02iCS) + 4 Kor = K4Mo(Cir)g t  2K^ 0
Furthermore on strong dehydration over sulphuric acid  the 
red cyanide became b lue, th e ir aqueous solutions being also 
blue in  co lour. Addition of alcohol to the blue aqueous 
so lu tion  resu lted  in  the p rec ip ita tio n  of a blue so lid , which 
a fte r being dissolved in  water and repeated rep recip ita tio n , 
gave compounds having the formula MoOg, 4KCN, 5H2O and 
Mo(0H)2(CN)2 » 3KCJN. The fa c t that the red cyanide became 
blue on dehydration and yet yielded  a blue aqueous solution 
seemed to depend on ttie equilibrium  K|^(Mo(OH^)(CN)jlj^ ), 4H2O 
K3(Mo(0H)^(CN)^(CN)^, ^ 0 ), SHgO t  KOH t  H2O.
Another notable contribution  on these complex 
compounds is  th at of Gollenberg (Z* anorg. allgem . chem.
126, 245-511 1924) ,  who carried  out some purely physical 
studies on the k in e tics  o f th e ir decomposition as w e ll as on 
the redox equilibrium  ex isting  in  th e ir so lu tion . He found 
th at potassium molybdocyanide (quadrivalent molybdenum octacyanl 
got decomposed by sun ligh t, the cyano complex becoming more 
sim ple, g iving  the usual cyanogen te st w ith mercury and s ilv e r 
s a lts . He fu rth er studied the photochemical reactions in  
a lk a li solutions and found that the reaction  ve lo c ity  was 
dependent upon the conceitration  of a lk a li, being greatest
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from 0*5 to 1H* Accordiiig to him the reaction  took place 
as:
lig h t
Kj^ Mo(CN)g t  Y OH ' K^(Mo(OH)y (CN)g_y) f  Y Cir
KGN ' •
The author (0 , Collenberg, Z . physik* Chem., 109. 
353-?4» 1924) also  carried  out some prelim inary experiments 
to determine the oxidation p o ten tia l of potassium molyhdo- 
cyanide using a equim olecular mixture o f the quadrivalent 
and the quinquivalent sa lts  t  r  G.1M) and reported 
E ° value as 0.839V in  a c id ic  medium. However, a more 
system atic in vestig a tio n  on the standard p o ten tia l of the 
molybdo- molyhdicyanide couple was carried  out by Ko lthoff 
( J*  phys. Chem,, 247> 1936) in  the neutral so lu tion . On 
p lo ttin g  E °va lu es against J xa. being the io n ic  strength)
he found the value to  be 0*72607* He made many in teresting  
observations such as the dependence o f on the ion ic 
strength, in fluence o f neu tral sa lts  on the molybdo-
molybdicyanide couple (the monovalent cations increasing the
t  1* ^ + t  tp o ten tia l in  the order K s  NH  ^ / Ha > L i ^ H and
fo r d iva len t ones Ba^’'^  > Sr^^ > Ca*^^), v a lid ity  o f the
lim itin g  Debye-Huckel equation fo r solutions o f d iffe ren t 
concentrations in  the equim olecular mixtures of the molybdo- 
and the molybdicyanides and the very important conclusion 
that the molybdocyanic acid  behaves as a strong e lectro ly te  
in  fa ir ly  d ilu te  so lu tions.
From the foregoing account i t  is  evident, that most
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of the work done on the molybdocyanogen complexes deals 
w ith  re su lts  o f chemical an a lys is and physico-chemical 
methods have ra re ly  been employed in  elucidating  th e ir 
nature and composition. In  the study of heavy metal complexes 
two major fa c to rs , namely, the co llo id a l nature of the 
p rec ip ita tes and the influence of redox p o ten tia l in  th e ir 
form ation and characterisa tion , have not been considered 
by e a r lie r  workers. The researches of Wardlaw (lo c . c i t . ) ,  
although provide usefu l inform ation regarding the composition 
o f both a lk a li and metal molybdocyanides f a i l  to incorporate 
many aspectswortii considering* One such aspect is  the 
change which these complexes are lik e ly  to undergo on 
washing and drying (o r even c ry s ta llis in g ) w hile iso la tin g  
them in  a pure form. I t  becomes a l l  the more true when 
one is  dealing w ith  complexes showing tendency fo r forming 
bigger aggregates and e :riiib it h yd ro lytic  and adsorptive 
p rop erties. Under these conditions the physical methods 
provide a p a rtia l so lu tion  in  g iving re lia b le  infoim ation 
of the complex in  a fre sh ly  p recip itated  form, or in  so lu tion . 
Besides, complexes other than s ilv e r , thalium  and copper 
molybdocyanide have not been studied u n til now and much 
remains to be done to add to our knowledge in  th is  p articu la r 
f ie ld .
What has been said above regarding the metal complexes 
holds equally true in  regard to  the physico-chemical 
properties of a lk a li molybdo- and m olybdicyanides. Ho doubt
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K o lth o ff (lo c , c it* ) has made valuable contribution in
4- 3-
determ ining the value o f fo r the MoCy_' ^  MbCyo t  eo o
couple in  the neu tra l so lution  and in  presence of sa lts , 
the problCTi re la ted  w ith  the in fluence of acid  (and 
consequently the value of E® in  the a c id ic  medium) is  s t i l l  
not very c le a r. Collenberg (lo c . c it . )  carried  out som  
prelim inary experiments on the k in e tics  of the decomposition 
o f molybdocyanide but th is  work too needs a more extensive 
study.
The work described in  the thesis deals w ith  some 
such aspects of molybdocyanogen complexes. Investigations 
were carried  out by employing physical methods and include:
1• Composition of the fre sh ly  p recip ita ted  molybdocyanide 
complexes of C u (ii), C o (ii), N i( i i )  by conductometry, 
potentiom etry and amperometry.
2 . Composition of the soluble complexes of C r ( i i i ) ,  
P e ( i i i )  molybdocyanide and F e ( ii)  molybdicyanide by spectro- 
photometric and potentiom etric methods.
3# Study o f the redox equilibrium  ex isting  in  the 
reaction  of C u (i) w ith  potassium molybdicyanide.
4* Determ ination of fo r the molybdo- molybdicyanide 
co«ple in  presence o f vaiying  amounts o f acid s, using the 
method of p o ten tia l m ediator. The work also  includes the 
use o f M n (ili) , C e (iv ) and Cr20  ^ '  as ox id ising  titra n ts  
in  estim ating potassium molybdocyanide.
C H A P T E R  I
INTERACTION Cr^ *^  WITH K^MoCCN)^
-  7 -
In  contrast to other heavy metal ions, the behaviottr of 
chromic ions towards a lka li-m etal cyanogen complexes is  basically 
d iffe re n t. Ions lik e  those o f z inc, manganese, n ick e l, cobalt, 
merctjry, cadmitaa, copper, iiranium, titanium , berylliinn  e tc . 
react almost spontaneously w ith potassium ferrocyanide (and in  
some cases potassium fe rricyan id e  a lso ) to give insoluble 
p re c ip ita te  o f d iffe re n t colours and shades, and possessing 
c o llo id a l properties* Such reactions are , however, not met 
w ith  w hile studying the reactions o f C r ( i i i )  ions w ith potassium 
fei^o- and fe rricyan id es• For example, M alik ( J .  Se i* Industr. 
Res* 18b ( 1959) I 463)for the f ir s t  time observed that a soluble 
.complex, having the composition KCr^^^Pe^^(CN)g is  formed by the 
in te ractio n  of chromic ch loride w ith  potassium ferrocyanide. 
Unlike other a lka li-m etal ferrocyanide reactions, the reaction 
here was founi to be quite slow and i t  took some time befcare the 
reddish brown colour could develop* Moreover, i t  was observed 
that w ith  d ilu te  solutions o f the reactants the reaction  slowed 
down to a much greater extent and i t  took a l i t t le  more than 
ten hours fo r the reaction  to reach completion. Prelim inary stuc 
ie s  on the k in e tics  of th is  reactio n , carried  out by the same 
author, showed th a t, besides complex form ation between chromic 
ions and potassium ferrocyan ide, c a ta ly tic  decomposition of the 
la tte r  reagent in to  aqua pentacyanide is  also  possible in  
presence of sm all amounts o f chromic ions (M alik  "C a ta ly tic  
decomposition of potassium ferrocyanide by chromic ions ••
Compt* rend ,, in  press)*
W hile studying the problems of the m etal complexes of
-  8 -
potassitim molyMocyanide, I t  was thought worthwhile to explore 
the p o s s ib ility  of s im ila r reactions in  th is  case a lso . With 
th is  aim in  view a few prelim inary experiments between chromic 
ch loride and potassium molybdocyanide were carried  out. These 
revealed almost a complete id e n tity  w ith the chromic chloride
potassium ferrocyanide reaction  in  many respects, v iz ., a
\
solub le complex, b rick  red in  co lour, is  obtained on mixing 
d ilu te  so lutions of the reactan ts; the reaction  is  quite slow 
a t the roam temperature and takes eight to ten  hours when the 
appreciable red colour is  developed* Further-more, the reactio  
becomes quite fa s t at higher temperatures (near about 80®C) and 
also  on mixing f a ir ly  concentrated solutions of the reactants* 
This reactio n , however, d iffe rs  from the chromic chloride 
potassium ferrocyanide reaction  in  one important aspect, v iz ., 
the co llo id a l behaviour of the p re c ip ita te . W hile i t  was 
observed that chromic ferrocyanide ex ists in  the form of 
co llo id a l p rec ip ita tes and undergoes gelation  a t 80°C (M alik 
and S id d iq l, studies on the so l-gel transform ation of the ferro  
and ferricyan id es of some metals Pa rt I I I  and Pa rt IV , J .  Phys. 
Chem., in  p ress), no such property could possib ly be seen 
w hile studying the in te ractio n  o f chromic ch loride and potassiu 
molybdocyanide.
The present chapter deals w ith  some physico-chemical 
aspects o f chromic ch loride potassium molybdocyanide reaction . 
The areas of in vestigations covered are ( i )  spectrophotometric 
studies on the composition of chromic molybdocyanide complex
( i i )  studies on the k in e tics  of th is  reactio n . For determining
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the composition o f the complex, both the Joh*s method (Ann*
Chim. 1928, 2.» slope ra tio  method (Harvey and
Manning 2i.$ 4488, 1950) were employed. Before carrying out 
the re levan t experiments on the composition, Vosburgh and 
Cooper»s method ( J ,  Amer, Chem. So c ., 437» 1941) was 
applied in  order to know the number of complexes ex isting  in  
the so lu tion . The re su lts  on the varia tio n s in  the O.D. of 
various m ixtures o f chromic ch loride and potassium molybdocyanidi 
w ith  time were m ainly taken in to  consideration fo r studying 
the k in e tics  of the reactio n ,
Eatas^^jm.molY^docranide. so lu tion ;
Potassium octacyano molybdate ( iv )  may be prepared by 
the action  o f potassium cyanide upon ce rta in  t r i  - , te tra  - , 
or pentavalent d e riva tives of molybdenum. The la tte r  are 
obtained by chemical (C h ile s o tti: Gazz. Chim# it a l* ,  I I ,
493 (1904); Bucknall and Wardlaw: J .  Chem. Soc. 2983, (1927); 
Rosenheim: Z . anorg. Chem., 6^, 166 (1910); Jakob 11., 5691(1931) 
Sand and Burger: 22.* 3384 (1905) ) or electrochem ical 
(W illa rd  and Th ielke: J .  Am. Chem. Soo., 2609 (1935) 
reduction of molybdic a c id . Wardlaw prepared the ccaaplex 
molybdenum cyanide by mixing one part by weight o f tripotassium  
molybdenum hexachloride and two parts o f potassium cyanide, six  
p art of water added in  sm all proportions during about two hours. 
The so lu tion  raised  to  b o ilin g  point and concentrated on a 
water bath. The method recommended by Rosenlieim (Z . anorg.
Chem., 1^8 ( 1906)5 97 (190?) and la te r  modified by
F le se r ( J .  Am* Chem. So c., 5226 (1930)) fo r the preparation 
o f potassium molybdocyanide was followed here• The various
’ ! I ’
steps in  the synthesis can not be represented by exact chemical 
equations but may be outlined diagram m atically as fo llow s;
M0O3 M0O4 M0O2 (SCN)3 2 2 2 ^
HCl
M0O2 (SCN)^ 2C^^N Mo(CN)g- 2 HgO
This procedure was found quite sa tis facto ry  and requires no 
sp ecia l apparatus.
F if t y  grams (0.346 mole) of pure molybdenum (V I) oxide, 
MoO ,^ was d issolved in  a so lu tion  of 40 g .(0.714 mole) of 
potassium hydroxide in  100 m l. o f w ater. To th is  so lution was 
added 250 m l. o f concentrated hsrdrochlorlc a c id . The addition 
was made slow ly and w ith constant s tir r in g ; the f in a l solution 
was heated on a steam bath.
A concentrated so lution  o f potassium thiocyanate was 
prepared by d isso lving  150 g . (1.545 mole) of the sa lt in  
150 m l. of w ater. This so lution  was added slow ly and w ith 
constant s tir r in g  to the hot molybdic acid  so lu tion . The 
re su ltin g  deep red so lu tion  vms d ilu ted  w ith 300 m l. of water 
and heated on a steam bath fo r two hours, w ith fre q u ^ t 
s t ir r in g . The so lu tion  was f ilte re d  w hile s t i l l  warm and the 
f ilt r a t e  transferred  to  a 2 l i t e r  beaker. Pyrid ine was added 
slow ly and w ith  constant s tirr in g  u n til a yellow  so lid  begins 
to  separate. About 65 to 75 m l. of pyrid ine was required.
The beaker was then placed in  an ice  bath u n til the red o ily  
laye r that .had se ttled  out on the bottom became ve iy  viscous.
-  10 -
The supernatant liq u id  which was s t i l l  s lig h tly  red in  colour, 
was decanted and the product washed tw ice w ith  w ater.
The o ily  liq u id  was treated w ith a so lution of 200 g* 
(3*07 moles) o f potassium cyanide in  300 m l. of water. This 
step was carried  out in  a w e ll ven tila ted  hood. The o ily  
pyrid ine compound dissolved rap id ly  to give f ir s t  a green and 
then a yellow-brown so lu tion . The so lu tion  was heated on a 
steam bath, w ith  frequent s t ir r in g , fo r about h a lf an hour.
A black by-product separated from the so lu tion ; i t  was removed 
by f ilt r a t io n  and discarded. The f ilt r a t e  was evaporated 
u n til it s  volume had been reduced 50 per cent. The concentrate 
so lu tion  was cooled in  an ice  bath, and the dark amber 
c ry s ta ls  co llected  on a Buchner funnel.
The crude product which contained a considerable 
amount of a black contaminant was dissolved in  a minimum 
amount of warm water , treated w ith decolorizing charcoal
(D arco ), and f ilte re d . To the f ilt r a t e  was added slow ly two 
volumes of e th y l alcoho l u n til a golden-yellow c ry s ta llin e  
so lid  separated. This p u rifica tio n  process was repeated and 
the c rys ta ls  were co llected  on a Buchner funnel, washed w ith 
alcoho l, then ether and f in a lly  dried in  a vacuum.
Further evaporation of the mother liq u o r y ie ld s  only 
sm all amounts of the product, which became increasing ly 
d if f ic u lt  to p u rify . The y ie ld  was about 75 g . of pure 
Kj^ Mo(CN)g'2H2O. Three care fu l re c ry s ta lliz a tio n s  were carried 
out which gave the s a lt  th a t, when titra te d  in  d ilu te  
sulphuric acid against ceruim ( iv )  sulphate using the
-  11 -
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Spor« oount was nads on th« 20th day a ft« r  
la t iiiii.  fhmm ooloni«a nmrm s«X«et«4 a t raatoB fo r th« 
•pom eount fo r oa(^ troatsiant. A ll tho thx«« oolooloa 
«or« blended to o th e r la  a Varlitg Bloador and tha vo luw  
vaa nada up to 100 a l*  fha aporas vara oomtad fo r 1 sX* 
o f tha bXactded aolutlon and th» to ta l nmiSbmr o f sporsa 
ware calGuXat«d par oo24>ay* ^i« reau lta  nora glvan aa 
poor, Bu»darata and abundant aa in  tlw  oasa o f 0P&v^»
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Chromic Chloride So lu tion ;
Chromic ch loride so lu tion  was prepared by d issolving 
the green B.D .H , c rysta ls  In  doubly d is t ille d  water and its  
strength was determined by oxid ising  the chromic ions to 
chromate using sodium per oxide* Chromium present as 
chromate was reduced in  acid so lu tion  by add ition  of 
potassitmi iodide and the lib era ted  iodine titra te d  by 
standard sodium thiosulphate a t the starch-iodine and point 
(Furman N*H., Scotts* standard method of chemical analysis 
V o l, I ,  Ed* V ., p, 288)* The strength of the stock solution 
was found to be 1 ,012M,
Composition of Chromic Molybdocyanide by Spectrophotometrlc 
Method.
Spectrophotometrlc method occupies a unique position 
amongst the various physical methods employed fo r studying 
the complex ion form ation and is  more advantageous than 
other methods in  that i t  allows the study of complexes which 
are not stab le enough to permit th e ir iso la tio n . Job (lo c . 
c i t . )  has developed a method, the method of continued v a rla ti 
which is  of great importance in  physical and Inorganic 
Chem istry, is  employed fo r the study of coordination 
compounds. This method has been extended to other physical 
properties lik e  conductivity, molar heat content, re fra c tiv it 
e tc ., and makes use of any measurable ad d itive  property of 
two species in  so lu tion , so long as the property has d ifferen
-  14 -
values fo r one another* Any complex formed by the in teraction  
of two exponents must give a value fo r tiie same property 
which is  d iffe ren t from the weighted mean of the values fo r 
the separate components. The ap p lication  o f the method may 
be exam plified by the sim plest equilibrium  of the type 
A t  nB ABn, where A represents a metal ion , B a
coordinating group and ABn a complex ion . Solutions w ith 
d iffe re n t m ole-fractions of the components are prepared but 
the to ta l sum of the moles of both the components is  kept 
constant. The absorption of a monochromatic lig h t by these 
so lutions is  measured and a graph of absorption against mole- 
fra c tio n  of one of the components is  p lo tted . I f  a complex 
is  being formed the p lo t deviates from lin e a r ity , the deviatio i 
being maximum a t the m ole-fraction corresponding to the 
composition of the ctMiplex w hile a stra ig h t lin e  points towards 
no in te rac tio n . When the deviation  is  p lotted against mole- 
fra c tio n , the maximum point gives the desired composition.
This conclusion may be v e rifie d  by repeating the process at 
other wavelengths, since according to Job the position  of 
maximum is  independent of wavelength.
The method of continued va ria tio n , which as Job had 
pointed out, was only app licab le to the systems where the 
p o s s ib ility  of form ation of only one complex ex ists and was 
not generally usefu l when more than one compounds were formed, 
has been extended by Vosburgh and Cooper ( J .  Amer. Chem. Soc., 
1941, §2l» 437; ib id  1942, 6k, 1630) fo r systems involving more
- 15 -
than one complexes* They have shown that the re su lts  are
independent of the wavelength o f the lig h t used only when a
sing le compound is  formed \rtiile in  a system w ith more than
one compounds wavelength plays an important ro le  and a careful
se lectio n  of wavelengths is  required vrtiile studying complex
ion  form ation. These authors have studied the complexes of
Ni^ ^ w ith 0-phenanthroline and ethylene diamine formed in
1s1, 1*2 and 1j 3 proportions and copper-ammonia complexes
(ra tio  Cu^^: as 1:2 and 1:4) and thus confirmed the
v a lid ity  of the new method. The method was fu rth er extended
by Vosburgh and Co-workers to the study of fe rric -  thiocyanatc
ferrous-o-phenanthroline and copper g lycine systems yie ld ing
sa tis fa c to ry  re su lts . Besides, th is method gave restilts  of
fa r  reaching iaportance. For example, Vosburgh (lo c . c it . )
reported fo r the f ir s t  tim e, a coordination number o f six
fo r n ickel-ethylene diamine complexes and e x is t^ ce  of ions
lik e  (N i-en)^^, (Hl-en2)^^ and (N i -en^)^^. Haendler ( J ,  Amei
Chem. So c., 19^2, 686) got s im ila r re su lts  w hile
in vestig ating  diethylene triam ine complexes of copper. Befor€
performing the actu a l experiments on the composition of chromj
molybdocyanide by the spectrophotometric methods, absorption
experiments were performed w ith  the reactants as w ell as the
complex a t d iffe re n t wavelengths in  order to  se lect the
su itab le  wavelength to work w ith . Further more, the Vosburgh
and Cooper*s method (lo c . c it . )  was employed in  order to
determine the number of complexes formed. Chromic chloride
-2and potassium molybdocyanide both of strength 10 M were
-  16 -
mixed in  the ra tio  of chromic to molybdocyanide as 1s1, 1:2, 
1:3| 2:1 and 3 ji by mixing the 6,0, 4 ,0 , 3*0, 8*0 and 9*0 cc of 
chromic ch loride to 6*0, 8*0, 9*0> 4*0 and 3.0 cc of potassium 
molybdocyanide. Pre lim inary experiments showed that the 
chromic-molybdocyanide reaction  is  a slaw one and O.D. of the 
mixture goes on ilbnoreaslng w ith  time on keeping hence fiv e  sets 
of experiments were performed. In  the I  set the O.D. of the 
m ixtures was measured a fte r 15 minutes of mixing the reactants, 
and in  the I I  and I I I  sets a fte r keeping the mixtures fo r 
24 and 48 hours re sp e ctive ly . % e  0,D . measurements fo r the 
IV  set were carried  out a fte r keeping the mixtures fo r three 
hours in  a therm ostatic waterbath maintained a t 50^0 and 
d ilu tin g  1 cc of each mixture to 5 cc and that of the V se t, 
a fte r keeping at 80°C fo r 2 hours and -Wien d ilu tin g  1 cc of 
each mixture to 5 cc.
O p tical density measurements were carried  out w ith a 
Beckman D*U. spectrophotometer employing 1 cm. corex c e lls .
The photom ultip lier attachment sw itch was kept a t 1x position . 
Tungsten lamp was used as the source o f lig h t.




O p tica l density o f Chromic Chloride So lu tion .
S l i t  B.D* of CrCl- solutions green va rie ty  
width  ^ of concentration.









































































































































































































































F ig . 2.
Two peaks are obtained fo r chromic ch loride of green 
va rie ty  one a t 430 mu and the other a t 620 mu and these are 
sh ifted  to 415 mu and 590 mu fo r the v io le t v a rie ty .
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Wave s l i t  
length width
Table 3 .
O p tical density o f potassium molybdocyanide so lutions, 


































































































.0033M .002515 .002H .00125M .001M
0.840 0.710 .475 .325 .225
0.700 0.600 .410 .275 .186
0.570 0.505 .330 •225 .150
0.485 0.438 .280 .190 .125
0.435 0.395 .250 .170 .108
0.420 0.383 .245 .160 .104
0.435 0.390 .250 .167 .107
0.470 .273 .180 .118
0.500 0.444 .293 .194 .130
0.550 0.455 .325 .210 .145
0.542 0.460 .320 .210 .1470.512 0.431 .300 .195 .135
0.350 0.300 •207 .135 .095
0.302 0.255 .180 .117 .0840.260 0.220 .158 .102 .075
0.160 0.145 .100 .065 .047
0.063 0.070 .O U .032 .020
0.015 0.033 .018 .013 .005
.0020 0.016 .005 ♦005 .002
.0020 0.007 - -
650 .310 0.0040 .004 0.003 .0010 • j
700 .230 0.0040 .004 0.003 -
tJ
j
750 .190 0.0040 .003 0.002 -  « • —•m•
800 .162 0.0040 .003 0.002 «•
900 .140 0.0030 .003 0.002 -T’ “* — •
(F ig . 3)
Maximum absorption fo r so lution  is  obtained
a t 370 mu.
- 19 -
Table 4
-2Set I  Concentration of CrCl^ = 10 M
Concentration of Kj^ Mo(CN)g a 10*^ M
0*D, measured a fte r 15 minutes of mixing the reactant























































1:2 1:3 2:1 3:1
1.68 1.78 1.03 0.815
1.32 1.4f 0.77 0.62
1.05 1.13 0.62 0.51
1 .00 1.10 0.61 0.50
1.04 1.13 0.615 0.505
1.10 1.20 0.650 0.530
1.15 1.25 0.670 0.550
1.25 1.35 0.710 0.580
1 .22 1.34 0.710 0.580
1.15 1.25 0.680 0.560
1 .00 1.08 0.600 0.500
0.82 0.900 0.523 0.450
0.75 0.82 0.495 0.432
0.68 0.74 0.45 0.395
0.51 0.55 0.333 0.296
0.275 0.293 0.185 0.167
0.088 0.088 0.072 0.071
0.059 0.047 0.083 0.092
0.062 0.047 0.093 0.100
0.075 0.050 0.116 0.130
0.07 0.050 0.118 0.130
0.067 0.047 0.116 0.125
0.252 0.040 0.093 0.100
0.021 0.012 0.025 0.029
0.009 - -
0.005 •
F ig . 4 .
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Table 5.
Concentration of CrCl^ = 10~^ M
-►2Concentration o f K^Mo(CN)g *1 0  M 
0*D, measured a fte r 24 hotirs o f mixing the reactants#
Wavelength Ratio  of chromic ch loride to potassitm  molybdo- 
cyanide.
mn 1:1 1s2 1:3 2:1 3:1
320 U48 1.68 1.71 1.15 0.965330 U35 1.60 1.75 1.03 0.88
340 1.28 1.45 1.68 0.98 0.88
345 1.30 1.46 1.70 1 .00 0.900
350 1.35 1.54 1.78 1.04 0.94
1.40 1.60 1.86 1.10 0.98
360 1.46 1.70 1.90 1.13 1.02
370 1.50 1.73 2.00 1.16 1.03
375 1.50 1.75 2.00 1.14 1.00
380 1.44 1.70 2.00 1.100 0.98
390 1.25 1.45 1.70 0.96 0.86
400 1.02 1.18 1.39 0.81 0.73
410 0.88 1.03 1.20 0.70 0.63
430 0.69 0.82 0.92 0.535 0.472
450 0.455 0.55 0.61 0.365 0.310
470 0.250 0.292 0.325 0,185 0.160
500 0.07 0.067 0.072 0.065 0.061
550 0.062 0.040 0.033 0.081 0.085
560 0.070 0.045 0.036 0.090 0.095
590 0.083 0.050 0.040 0.111 0.117
600 0.08a 0.046 0.035 o .tio 0.115
610 0.075
0.060
0.040 0.028 0.105 0.107
630 0.040 0.030 0.085 0.092
700 0.01 0.005 0.005 0.020 0,019
800 - - • -
900 ** •
F ig . 5
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Talale 6 *
-2
Concentration o f CrCl^ s 10 M
_2
Concentration of Kj|^ Mo(CN)g = 1 0  M
O.D. measured a fte r 48 hours o f mixing the reactants*
Wavelength Hatio o f chromic ch loride  to potassium molybdo- 
cyanide.
mu 1:1 1:2 1:3 2:1 3:1
320 1.6 1,8 1.85 1.32 1.13
330 1.58 1.80 1.90 1.30 1.13
340 1.58 1.71 1.90 1.30 1.15
345 1.62 1.80 2.0  1.34 1.20
350 1.70 1.90 2.00 1.45 1.28
355 1.80 2.0  2.00 1.40 1.32
360 1.85 2.0  2.00 1.50 1.40
370 1.9 2.00 2.00 1.55 1.40
375 1.85 2.00 2.00 1.35 1.27
380 1.8 2.0 2.00 1.30 1.19
390 1.58 1.80 2.0  1.25 1.12
400 1.31 1 .50 1.7 1.05 0.94
410 1.31 1.50 1.70
430 .79 .92 1.05
450 .503 .600 .68
470 .310 .302 .340
500 .077 .077 .085
550 .070 .048 .041
560 .077 .052 .044
590 .088 .054 .043
600 .085 .050 .038
610 .081 .046 .035
630 .060 .040 .033
700 .013 .007 .005
800 - - 
900
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Se t IV  Table 7.
Concentration o f CrCl: 10r^ M
Concentration o f K^Mo(CN)g = 10~^ M
O.D. was measxired a fte r keeping the mixtures a t 50 C 
fo r 3 hours and 1 cc o f each m ixttire d ilu tin g  to 5 cc*
Wavelength
mu


































1 .3 0  
1 .22  
0.84 
0 .5 0  
0.285 





















































































































F ig . 7.
Set V
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Table 8. 
Concentration of CrCl- 10‘ ^M
Concentration o f Kj^ Mo(CN)g ■ 10~S{
O.D. was measured a fte r keeping the mixtures a t 80 C 
fo r 2 hours and 1 cc of each mixture d ilu tin g  to 5 cc*
Wavelength
mu
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O ptical density measurements carried  out in  the v is ib le  
range from 320 mu to 800 mu show two maxima fo r chromic chlorid< 
(green varietur) a t 430 and 620 mu* The position  o f these 
maxima are sh ifted  fo r chromic ch loride (v io le t ) and are 
found to occur a t 415 mu and 590 mu* Potassium molybdocyanide 
show a peak a t 370 mu*
A ll the chromic molybdocyanide mixtures mixed in  the 
proportion of chromic ch loride to  molybdocyanide as 1:1, 1;2, 
1 :3 } 2:1 and 3:1 show a maximum a t 370 mu, w hile the 0*D* 
measurements are made a fte r 15 minutes o f mixing the reactants* 
A large increase in  0*D* is  observed on keeping the mixtures 
a t room temperature fo r 24 hours and more so when the 0.D* is  
measured a fte r 48 hours, where fo r the mixtures of ra tio s  1:2 
and 1:3 o f chromic ch loride to molybdocyanide, O.D* reaches 
beyond the scale (i* e *  between 2 to 00)* M ixtures kept a t 
50^0 fo r 3 hours show a maximum a t 360 mu and more than a 
tenfold increase in  O.D, is  observed in  th is case (P ig . 7)* 
Heating the m ixture a t 80^0 fo r 2 hours show great variations 
fo r d iffe re n t m ixtures. A maximum a t 360 mu was obtained fo r 
1:1 ra tio  o f chromic ch loride to molybdocyanide while mixtures 
w ith ra tio s  1:2 and 1:3 of chromic ch loride to molybdocyanide 
gave no maxima and O.D* value decreases w ith the increase in  
wavelength. M ixtures w ith ra tio s  of chronic chloride to 
molybdocyanide as 2:1 and 3:1 show maximm a t 350 and 330 mu 
resp ective ly*
I t  was found from the above experiments that the 
reaction  of chromic ch loride and potassium molybdocyanide is
-  25 -
ccMnpleted a t 50°C on keeping the mixtures fo r three hours. 
Hazlmum development of red colotir was obtained and no fu rther 
change (In crease ) In  0*D, was observed on keeping the reaction  
m ixtures•
For determining complex Ion form ation between chrc»nlc 
ch loride and potassium molybdocyanlde by Job*s method of 
continued va ria tio n . The follow ing sets o f m ixtures were 
prepared:
Set I*  0*5 cc, 1.0 cc, 1.5 cc ............. . 4*5 cc o f CrCl^
mixed w ith  4.5 cc, 4.0 cc, 3*5 cc ..........................0,5 cc of
K^Mo(CH)g resp ective ly* The concentration of both the reactants 
being 0*G2M* A fte r keeping the mixtures in  a therm ostatic 
waterbath a t 50°C fo r about 3 hours, each mixture was d iluted 
to  100 cc to bring the 0*D* values w ith in  tiie range of the 
scale o f the spectrophotometer*
Set I I *  Concentration of the reactants being 0.01M and the 
reaction  mixtures d ilu ted  to  50 cc* A ll other d e ta ils  being 
the same as in  Sejf I*
Set I I I *  Concentration of the reactants 0*005M and the mixtures 
d ilu ted  to 25 cc a fte r completion of the reaction . D etails 
being the same as in  Set I .  Besides measuring the 0*D* values 
a t 360 and 365 mu, readings were also  taken at 355, 370, 375 
and 380 mu since according to Job (lo c* c lt . )  the position  of 
maxima does not change by changing the wavelength when only 
one complex is  formed*
-  26 -
Gtcpves were p lotted in  the d ifference of O.D, of the
mixture from that o f the stna o f the chromic chloride and
potassium molybdocyanide against the ra tio  (Cr^^)/ (Cr^^) t  
4-(Mo(CN)g ) .
Set I . Table 9.
Wavelength 355 mu





CrCl^ K^Mo(CH)g D ifference
0.5 4.5 0.260 0.017 0.197 0.046
1.0 4.0 0.287 0.017 0.138 0.132
1.5 3.5 0.412 0.017 0.113 0.282
2.0 3.0 0.525 0.018 0.145 0.362
2.5 2.5 0.632 0.048 0.085 0.499
3.0 2.0 0.555 0.012 0.066 0.477
3.5 1.5 0.480 0.053 0.095 . 0.331
4.0 1.0 0.325 0.012 0.035 0.278
4.5 0.5 0.206 0.013 0.024 0.169
(F ig . 9) curve 1)
Table 10.
l!tol.§a&th..^6p. m^
V o l. of V o l. of O J). O p tical density
CrCl^ K^Mo(CH)g m ixt. CrCl^ K^Mo(CN)g D ifference
0.5 4.5 0.242 0.016 0.206 0.020
1.0 4.0 0.293 0.016 0.146 0.131
1.5 3.5 0.412 0.013 0.123 0.276
2.0 3.0 0.535 0.015 0.100 0.420
2.5 2.5 0.635 0.013 0.090 0.532
3.0 2.0 0.555 0.012 0.070 0.475
3.5 1.5 0.518 0.052 0.050 0.416
4.0 1.0 0.322 0.012 0.038 0.272
4.5 0.5 0.200 0.014 0.025 0.161
(F ig . 9 ,curve 2)
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Table 11
V o l. of 
Ct C U




O p tical density
CrCl^ K^Mo(CN)g D ifference
0.5 4.5 .273 .015 .211 .047
1 .0 4.0 .300 .015 .152 .133
1.5 3.5 .410 .013 .127 .270
2.0 3.0 .525 .014 .156 .355
2.5 2.5 .630 .048 .094 .488
3.0 2.0 .550 .015 .072 .463
3.5 1.5 .487 .052 .100 .335
4.0 1.0 .313 .012 .039. .262
4.5 0.5 .196 .014 .025 .157
(P ig . 9, curve 3)
Table 12.
Wavelength 370 mn
O.D. O ptical density «V o l. of V o l. of m lxt. C rC l, K.Mo(CH)q Difference
CrCl^ K^Mo(CN)g 3 4 8
0.5 4.5 .275 .015 .211 .049
1.0 4.0 .299 .015 .154 .130
1.5 3.5 .400 .013 .129 .258
2.0 3.0 .512 .015 .156 .341
2.5 2.5 .611 .046 .094 .471
3.0 2.0 .531 .015 .072 .439
3.5 1.5 .482 .052 .100 .330
4.0 1.0 .300 .013 .037 .250
4.5 0.5 .187 .015 .024 .148




V o l. of V o l. o f O.D. O ptical density
CrCl3 K^Mo(CN)g m ixt. CrCl^ K^Mo(CN)g Difference
0.5 4.5 .260 .014 .206 .040
1.0 4.0 .291 .013 .150 •128 *
1.5 3.5 .387 .012 .126 .249
2.0 3.0 .500 .016 .152 .332
2.5 2.5 .590 .046 .092 .452
3.0 2.0 .510 .016 .071 .423
3.5 1.5 .466 .050 .096 .320
4.0 1.0 .284 .012 .038 .226
4.5 0.5 .177 .015 .024 .138
(F ig . 9 i curve 5)
Table 14.
H avs^ sng th JSO jE
V o l. o f Vo l. o f O.D. O ptical density
CrCl^ K4Mo(CN)g m ixt. CrCl^ K^Mo(ON)g D ifference
0.5 4.5 0.255 0.013 0.195 0.047
1.0 4.0 0.280 0.013 0.141 0.126
1.5 3.5 0.370 0.011 0.120 0.239
2.0 3.0 0.471 0.016 0.146 0.309
2.5 2.5 0.560 0.044 0.090 0.126
3.0 2.0 0.480 0.016 0.070 0.394
3.5 1.5 0.450 0.050 0.091 0.309
4.0 1.0 0.263 0.014 0.035 0.214
4.5 0.5 0.164 0.016 0.022 0.126
(F ig . 9>curve 6)
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Set I I . Table 15.
Wavelength 355 mvi
V o l. of Vo l. of O.D. O p tical density
CrCl^ K^Mo(CN)g m ixt. CrCl3 ]K^Mo(CN)g Difference
0.5 4.5 0.215 0.017 0.197 0.001
1 .0 4.0 0.327 0.017 0.138 0.172
1.5 3.5 0.476 0.017 0.113 0.346
2.0 3.0 0.536 0.018 0.145 0.373
2.5 2.5 0.635 0.048 0.085 0.502
3.0 2,0 0.498 0.012 0.066 OMO
3.5 1.5 0.470 0.053 0.096 0.321
4.0 1.0 0.314 0.012 0.035 0.267
4.5 0.5 0.216 0.013 0.024 0.179
(F ig . 10, curve 1) •
Table 16.
Wavelength. 3_60 mu
V o l. of V o l. of 0.D, O ptical density
CrCl^ K^Mo(CN)g m ixt. CrCl^ K^Mo(CN)g D ifferance
0.5 4,5 0.214 0.016 0.206 - 0.008
1.0 4.0 0.325 0.016 0.146 0.163
1 .5 3.5 0.472 0.013 0.123 0.336
2.0 3.0 0.540 0.015 0.100 0.426
2.5 2.5 0.640 0.013 0.090 0.537
3.0 2.0 0.552 0.012 0.070 0.470
3.5 1.5 0.470 0.052 0.050 0.408
4.0 1.0 0.310 0.012 0.038 0.260
4.5 0.5 0.212 0.014 0.025 0.173
(F ig * 10, curve 2)
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Table 1 ?. 
Ma velgagth. P6i..au
V o l. of CrCl3 Vo l. of KjMoiCS)^ O.D.m ixt. O p tical densityCrCl^ Kj|^ Mo(CN)g D ifference
0.5 4.5 0.210 0.015 0.211 - 0.016
1 .0 4.0 0.318 0.015 0.152 0.151
U 5 3.5 0.465 0.013 0.127 0.325
2.0 3.0 0.530 0.014 0.156 0.360
2.5 2.5 0.630 0.048 0.094 0.488
3.0 2.0 0.497 0.015 0.072 0.410
3.5 1.5 0.460 0.052 0.100 0.308
4.0 1.0 0.301 0.012 0.039 0.250
4.5 0.5 0.207 0.014 0.025 0.168
(P ig . 10, ctirve 3)
Table 18.
V o l. of Vo l. of O.D. O ptical density
CrCl^ Kjj^ Mo(CN)g m ixt. CrCl^ K^Mo(CN)g D ifference
0.5 4.5 0.207 0.015 0.211 - 0.019
1 .0 4.0 0.310 0.015 0.154 0.141
1.5 3.5 0.452 0.013 0.329 0.310
2^0 3.0 0.520 0.015 0*156 0.349
2.5 2.5 0.612 0.046 0.094 0.472
3.0 2.0 0.467 0.015 0.072 0.380
3.5 1.5 0.440 0.052 0.100 0.288
4.0 1.0 0^87 0.013 0.037 0.237
4.5 0.5 0.196 0.015 0.024 0.157
(F ig . 10, curve 4)
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Table 19.
V o l. of V o l. of 




O p tical density
CrCl^ K^Mo(CN)g D ifference
0.5 4.5 0.202 0.014 0.206 - 0.018
1 .0 4.0 .0.302 0.013 0.150 0.139
1.5 3.5 0.440 0.012 0.126 0.302
2.0 3.0 0.500 0.016 0.150 0.332
2.5 2.5 0.590 0.046 0.092 0.452
3.0 2.0 0.397 0.016 0.071 0.310
3.5 1.5 0.315 0.050 0.096 0.269
4.0 1.0 0.270 0.012 0.038 0.212
4.5 0.5 0.185 0.015 0.024 0.146
(F ig . 10, curve 5)
Table 20. \
.
V o l. of V o l. of O.D. O ptical density
CrCl^ Kji^ Mo(CN)g m ixt. CrCl^ K^Mo(CN)g D ifference
0.5 4.5 0.187 0.013 0.195 - 0.021
1 .0 4.0 0.280 0.013 0.141 0.126
1.5 3.5 0.412 0.011 0.120 0.281
2.0 3.0 . 0.3!^ 80 0.016 0.146 0.318
2.5 2.5 0.562 0.044 0.090 0.428
3.0 2.0 0.426 0.016 0.070 0.340
3.5 1.5 0.394 0.050 0.091 0.253
4.0 1.0 0.250 0.014 0.035 0.201
4.5 0.5 0.172 0.016 0.022 0.134
(F ig . 10, curve 6)
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Set I I I Table 21.
WayeJ.eng_tb_355 mu
V o l. of V o l. o f O.D. O ptical density
CrCl^ K^Mo(CN)g m lzt. CrCl^ K^Mo(CN)g D ifference
0.5 4.5 0.200 0.017 0.197 - 0.014
1.0 4.0 0.285 0.017 0.138 0.130
1.5 3.5 0.385 0.017 0.113 0.255
2.0 3.0 0.490 0.018 0.145 0.327
2.5 2.5 0.580 0.048 0.085 0.4473.0 2.0 0.453 0.012 0.066 0.375
3.5 1.5 0.436 0.053 0.096 0.2874.0 1.0 0.257 0.012 0.035 0.210
4.5 0.5 0.160 0.013 0.024 0.123
(F ig . 11, curve 1)
Table 22.
H§gelg.5S^-J 60 m
V o l. of V o l. of O.D. O p tical density
CrCl^ Kj|^ Mo(CN)g m lzt. CrCl^ K^Mo(CH)g D ifference
0.5 4.5 0.182 0.016 0.206 - 0.018
1 .0 4.0 0.274 0.016 0.146 0.155
1.5 3.5 0.323 0.013 0.123 0.241
2.0 3.0 0.410 0.015 0.100 0.366
2.5 2.5 0.500 0.013 0.090 0.472
3.0 2.0 0.497 0.012 0.070 0.415
3.5 1.5 0.343 0.052 0.050 0.364
4.0 1.0 0.310 0.012 0.038 0.260
4.5 0.5 0.157 0.014 0.025 0.118
(P ig . 11, curve 2)
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Table 23.
V o l. of 
C rC l.




O p tical density
CiKJl- K2^ Mo(CN)g D ifference
0.5 4.5 0.202 0,015 0.211 - 0.024
1.0 4.0 0.297 0.015 0.152 0.130
1.5 3.5 0.366 0.013 0.127 0.226
2.0 3.0 0.470 0.014 0.156 0.300
2.5 2.5 0.562 0.048 0.094 0.420
3.0 2.0 0.462 0.015 0.072 0.375
3.5 1.5 0.411 0.052 0.100 0.259
4-.0 1.0 0.183 0.012 0.039 0.132
4.5 0.5 0.152 0.014 0.025 0.113
(P ig . 11, curve 3)
Table 24.
Wavelength 370 mu
V o l. of V o l. of O.D. O p tical density
CrCl3 K^Mo(CN)g m ixt. CrCl^ 1K^Mo(C3J)g D ifference
0.5 4.5 0.200 0.015 0.211 - 0.026
1.0 4.0 0.299 0.015 0.154 0.130
1.5 3.5 0.357 0.013 0.129 0.215
2.0 3.0 0.455 0.015 0.156 0.284
2.5 2.5 0.550 0.046 0.094 0.410
3.0 2.0 0.427 0.015 0.072 0.340
3.5 1.5 0.395 0.052 0.100 0.243
4.0 1.0 0.235 0.013 0.037 0.132
4.5 0.5 0.150 0.015 0.024 0.111
(P ig . 11, ciirve 4)
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Table 25.
V o l. of V o l. o f O.D. O p tical density
CrCl^ K^Mo(CN)g m ixt. CrCl^ K^Mo(CN)g D ifference
0,5 4.5 0.192 0.014 0.206 - 0.028
1.0 4.0 0.283 0.013 0.150 0.120
1 .5 3.5 0.340 0.012 0.126 0.202
2.0 3.0 0.417 0.016 0.152 0.249
2.5 2.5 0.521 0.046 0.092 0.383
3.0 2.0 0.387 0.016 0.071 0.300
1.5 0.370 0.050 0.096 0.224
4.0 1.0 0.219 0.012 0.038 0.161
4.5 0.5 0.139 0.015 0.024 0.100
(F ig . 11, curve 5)
Table 26.
Wavelength 380 mu
V o l. of V o l. o f O.D. O ptical density
CrCl^ K;^ Mo(CH)g m ixt. CrCl^ K,Ho(CN). 4 8 D ifference
0.5 4.5 0.182 0.013 0.195 - 0.026
1.0 4.0 0.274 0.013 0.141 0.120
1.5 3.5 0.323 0.011 0.120 0.192
2.0 3.0 0.410 0.016 0.146 0.248
2.5 2.5 0.500 0.044 0.090 0.366
3.0 2.0 0.366 0.016 * 0.070 0.280
3.5 1.5 0.343 0.050 0.091 0.202
4.0 1.0 0.189 0.014 0.035 0.140
4.5 0.5 0.132 0.016 0.022 0.094
(F ig . 11, curve 6)

Another method, which is  in  ccHnmon w ith  spectrophoto- 
m etric methods, is  the slope ra tio  method. This method not 
only provides a confirm ation of the re su lts  of Job*s method 
of continued va ria tio n  but a lso  helps in  estab lish ing the 
ra tio  of colour forming rad ica ls  to the metal ions. In  the 
reaction  mk i  AmBn i f  the concentration of B is
constant and in  su ffic ie n t excess to make d issociation  
n eg lig ib le , the equilibrium  concentration o f the complex 
AmBn w ill be e sse n tia lly  proportional to the a n a ly tica l 
concentration of A added in  the reaction ; so
(Am Bn) = C^ /m ........................(1 )
where the brackets re fe r to equilibriiam  concentration and C 
the a n a ly tica l or to ta l concentration, Fr(Mi Beer*s Law
there is  the re la tio n  E s ed (AmBn) ............... (2 )
where E is  the measured ex tin ction , e the m olecular extinction 
co e ffic ie n t and d the thickness of the c e ll in  cm. Su b stitu tii 
the value of (AmBn) from (1 ) and (2 )
E « ed C^ /m ............ ...................(3 )
E is  p lotted against d iffe re n t a n a ly tic a l concentrations of A, 
keeping the concentration o f B constant and in  excess* Over 
the stra ig h t lin e  portion o f the curve, equation (3 ) is  va lid  
and th is  stra ig h t lin e  w ill have a slope given by
Slope  ^ s ed/m ........... .............. (4 )
s im ila rly  i f  A is  the component in  constant excess and the
concentration of B is  varied
(AmBn) s ^ / n ............................ (5 )
and i f  E is  p lotted  against the slope of the stra igh t lin e
-  35 -
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portion of the curve w ill be
Slope2 » ed/n ............................. (6 )
The ra tio  of n to m in  the complex may be determined by taking 
the ra tio  of two slopes
Slope^/Slope2 » n/m 
Further confirm ation regarding the composition of chrcmiic 
molybdocyanide complex was sought fo r* For th is  purpose slope 
ra tio  method was employed. The re su lts  are given below;
Table 2 ?.
Volume of 0.02M K^Mo(CN)g z 5.0 cc
Strength of CrCl^ m 0.2M
Mixtures kept a t 50°C fo r 3 hours.
Each mixture d ilu ted  a fte r completion of the reaction«10
V o l. of O p tical density
CrCl^ 355mu 360mu 365mu 370ou 375mu 380mu
G.O cc 0.139 0.150 0.157 0.162 0.157 0.152
0.1 cc 0.380 0.386 0.390 0.387 0.375 0.360
0.2 cc 0.670 0.680 0.680 0.680 0.660 0.632
0.3 cc 0.860 0.880 0.880 0.875 0.850 0.820
0.4 cc 1.090 1 .120 1.120 1.101 1.070 1.031
0.5 cc 1.230 1.270 1 .281 1.250 1.210 1.150
0.6 cc 1.390 1.440 1.451 1.401 1.351 1.290
0.7 cc 1.430 1.471 1.500 1.440 1.381 1.310
0.8 cc 1.491 1.502 1.509 1.451 1.389 1.320
0.9 cc 1.592 1.601 1.581 1.520 1.451 1.371
1.0 cc 1.631 1.630 1.621 1.600 1.500 1.401
(F ig . 12)
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Table 28 «
Volume of 0,02M CrCl^ s 5.0 cc
Strength o f Kj|^ Mo(CH)g « 0.2M
Mixtures kept a t 50°C fo r 3 hours
Each mixture d ilu ted  a fte r completion of the reaction
V o l. of O p tical density
K4Mo(CN)g 355 mu 360 mu 365 mu 370 mu 375 mu
0*0 cc 0.044 0.042 0.045 0.044 0.042 0.042
0.1 cc 0.350 0.344 0.334 0.321 0.300 0.280
0.2 cc 0.630 0.630 0.615 0.590 0.555 0.520
0.3 cc 0.960 0.955 0.940 0.910 0.863 0.815
0.4 cc 1.120 1.131 1.120 1.101 1.051 1.000
0.5 cc 1.271 1.290 1.301 1.270 1.221 . 1.161
0.6 cc 1.350 1.381 1.380 1.361 1.320 1.251
0.7 cc 1.381 1.420 1.421 1.401 1.361 1.310
0,8 cc 1.451 1 .490 1.490 1.491 1.451 1.401
0.9 ec 1.520 1.581 1.581 1.580 1.540 1.4811.0 cc 1.620 1.641 1.647 1.641 1.610 1.549
(F ig . 13)
Table 29
Volume of 0,,01M K,Mo(CN)« = 5.0 cc
Strength of C rC l, X 0.1M
Mixtures kept at 50°C fo r 3 hours
Each mixture d ilu ted  a fte r completion of the reaction  a 50 cc
Vol.. of O p tical density
CrCl3 355 mu 360 mu 365 mu 370 mu 375 mu 380 mi
0.0 cc 0.186 0.195 0.202 0.204 0.196 0.1870.1 cc 0.368 0.375 0.375 0.370 0.357 0.340
0.2 cc 0.605 0.615 0.620 0.610 0.595 0.570
0.3 cc 0.900 0.920 0.920 0.905 0.880 0.840
0.4 cc 1.071 1.100 1 .101 1.091 1.060 1.020
0.5 cc 1.300 1.331 1.341 1.300 1.271 1.200
0.6 cc 1.450 1.481 1.462 1.451 1.381 1.311
0.7 cc 1.501 1.520 1.500 1.472 1.400 1.33
0.8^ cc 1.601 1.610 1.600 1.550 1.461 1.380
0.9 cc 1 .642 1.692 1.651 1 .600 1.520 1.420
1 .0 cc 1.620 1.661 1.642 1.581 1.500 1.400
( P ig , 14)
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Table 30.
Voltme of 0.01M CrCl^ s 5*0 cc
Strength o f Kj^ Mo(CK)g s 0,1M
Mixtures kept a t 50®C fo r 3 hours 
Each mixture d ilu ted  a fte r completion o f the reaction  s 50 cc
V o l. o f 
K2^Mo(CN)g 355 mu 360 mu
O ptical density 
365 mu 370 mu 375 mu 380 mu
0.0 cc 0.045 0.045 0.045 0.045 0.045 0.00*-
0.1 cc 0.291 0.285 0.275 0.260 0.250 0.233
0.2 cc 0.575 0.575 0.550 0.522 0.500 0.465
0.3 cc 0.905 0.900 0.880 0.840 0.800 0.750
0.4 cc 1.091 1.090 1.071 1.031 0.981 0.931
0.5 cc 1.250 1.251 1.231 1 .200 1.161 1.100
0.6 cc 1.340 1.350 1.340 1 .311 1.252 1.201
0.7 cc 1.300 1.300 1.291 1 .260 1.220 1.210
0.8 cc 1.361 1.361 1.350 1.35t 1.290 1.221
0.9 cc 1.401 1.400 1.400 1.381 1.331 1.260
1 *0 cc 1.400 1.401 1.400 1.369 1.321 1 .250
(P ig . 15)
Table 31 •
Volume of 0.005M K.Mo(CN)g « 5.0 cc
Strength of CrClo = 0.05M
Mixtures kept a t 50®C fo r 3 hours
Each mixture d ilu ted  a fte r completion o f the reaction  s 25 cc
V o l. of O ptical density
C rC lj 355 mu 360 mu 365 mu 370 mu 375 mu 380 mu
0.0 ec 0.150 0.157 0.165 0.169 0.164 0.155
0.1 cc 0.306 0.300 0.298 0.289 0.273 0.255
0.2 cc 0.590 0.580 0.568 0.550 0.521 0.491
0.3 cc 0.770 0.760 0.740 0.715 0.685 0.647
0.4 cc 1 .010 1.000 0.981 0.945 0.910 0.860
0.’5 cc 1.251 1.241 1.210 1.170 1.130 1.070
0.6 cc 1.320 1.310 1.282 1 .240 1.191 1 .121
0.7 cc 1 .421 1.400 1.371 1.320 1.271 1.192
0.8 cc 1.452 1.451 1.400 T .35I 1.290 1 .211
0.9 cc U482 1.461 1.431 1.360 1.301 1.222
1 .0 cc 1.498 1.473 1.442 1.381 1.412 1.301
(F ig , 16)
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Table 32*
VolTajae of 0.005M CrClo a 5.0 cc
Strength of K2^ Mo(CN)0 = 0.05M
Mixtures kept a t 50®C fo r 3 hours 
Each mixture d ilu ted  a fte r completion o f the reaction  s 25 cc.
V o l. of
K4Mb(CN)g 355 mu 360 mu
O ptical density 
365 mu 370 mu 375 mu 380 mu
0.0 cc 0.004 0.004 0.007 0.010 0.011 0.012
0.1 cc 0.300 0.293 0.283 0.270 0.256 0.240
0.2 cc 0.582 0.570 0.521 0.493 0 M 7 0.461
0.3 cc 0.850 0.840 0.820 0.790 0.755 0.710
0.4 cc 1.051 1.051 1.041 1.001 0.965 0.910
0.5 cc 1 .200 1.190 1.181 1.151 1.1 ID 1.051
0.6 cc 1.351 1.361 1.352 1.320 1.29J 1 .211
0.7 cc 1.365 1.370 1.358 1.331 1.298 1.220
0.8 cc 1.381 1.380 1.362 1.340 1.302 1.232
0.9 cc 1.400 1.400 1.390 1.351 1.320 1.2511.0 cc 1.410 1.411 1.400 1.370 1.340 1.272
(P ig . 17)
Form atioii constant of the complex
The Job*s method has been u se fu lly  employed fo r deter­
mining the form ation constants of complexes. He and other 
authors making use of the re la tion sh ip  between concentration 
and ex tinction  co e ffic ie n t calcu lated  m athem atically these 
constants fo r a number o f complexes. Babko ( J .  Gen. Chem. 
U .S .S .B ., 1946, 16, 33, 1549? ib id  1945, l i ,  758, 874; Compt. 
rend. Acad. S c i. U .S .S .R ., 1946, 37) studied fe rric-
thiocyanate complexes g iving the evidence of formation of 
complexes of the type (Pe(SCH)^)^ *  where x varies from 1 to 6, 
Although a number o f methods have been developed 
(Harvey and Manning, J .  Amer. Chem. So c., 1950, 4488)
using spectrophotometric technique but the method of Moore
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and Anderson ( J .  Amer, Chem. So c,, 19^5, 168) is  worth
mentioning. These authors have shown that i f  the magnitude 
o f ex tinction  co e ffic ie n t is  proportional to the concentration 
o f the ccanplex formed, the form ation constant fo r the 
eq u ilib riim  mA nB AmBn may be calcu lated  by log K a
log A^B^/AmBn or log AmBn = m log A n log B ■» log K . I f  
(A ) is  kept constant (B ) is  varied log AmBn is  a lin ea r 
function o f log B and the value of n can be found from the 
slope o f the stra ig h t lin e  obtained on p lo ttin g  log , o p tica l 
density which is  proportional to log AmBn against log (B ),
The value o f m may be s im ila rly  determined and the constant 
K may be ca lcu lated , Gupta and Sogani (Jo u r, Ind ian Chem, Soc 
1959» 87) used the method of Harvey and Manning (Loc, c it ,!
fo r the ca lcu la tio n  of d isso cia tio n  constant of Ferric-  
3 hydroxy - 1 - phenyl - 3 - methyl tria z in e  ccanplex which 
is  given by the equation
•o6
* Bwhere is  given by s ^   ^ where Em is  the
maximum absorption obtained from the horizontal portion of the 
p lo t of 0,D, o f solutions containing same concentration of 
iron  and d iffe re n t quantities of the reagent against moles.of 
reagent/mole o f i»on and Es is  the observed absorption a t the 
sto ich iom etric molar ra tio  o f the reagent to iron  in  the 
complex,
Arun K , Dey and A n il K , Mukherji (P ro c, Kat, Acad,
S c i, In d ia , 1957, 26, 20) have studied the composition and
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s ta b ility  of lead a liz a rin e  sulphonate complex and discussed 
that form ation constant K fo r the general system mA t  nB 
AbiBq is  given hy
^ * ^a - mx!)?b - nx)
“ t— -|?T¥ ^ n5cy "  ■ '
or E  « .... .  ■ when m « n « 1  i .e .  fo r
(1 - CD - X) 1j1 ra tio
where x is  the concentration o f the complex, a and b are the 
in it ia l conc^ trations of the reactAnts* Taking two concen­
tra tio n  a^  and a2 and b^  and bg of the reactants giving the 
same O .B. i . e .  the same value of x
K
or I  . ai b, - ag b,
(a^  -V b^ ) - (a2 bg)
knowing the value o f x from the above equation, K can be
calcu lated  from d iffe ren t values o f a and b.
For determining the value o f the formation constant K
I
two sets o f m ixtures were prepared by the method of continued 
va ria tio n  as fo llow s;
Mixture No. Set I  Set I I
1 .  1 . 0 x 10 "^M  C r C l3  1 . 2 5 x 10 '^ M  C r C l3
9 . 0  X lO '^ M  K4 !fo (C N )g  1 . 1 2 5  X 10 “ ^M K/^Mb(CN)g
2 .  2 . 0  X  lO '^ M  C r C l3 2 . 5 0  x  10 “ ^M C rC l^
8 . 0  X  10 "^M  K ^M o(C N )g 1 . 0 0  x  10 " \
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Mixture No. Set I  Set I I
3 3.0 X 10“ M^ CrCl-. 3,75 x lO'^ M CrCl^
-4 -4
7.0 X 10 M Kj|^Mo(CH)g 8.75 x 10" M K^Mb(GN)g
4 . 4.0 K 1 0 "V  CrCl^ 5.0 X lO'^ M CpC I,
—/l L
6.0  X 10“  M K^Mb(CN)g 7.5 X 1 0 "\  Kji^ MbCCN)^
5 . 5.0 X 10“ ^M CrCl^ 6.25 X 10"^M CrCl^
5.0  X lO^^M Kj|^ Mb(CN)g 6.25 x lO^^M Kj|^ Mo(CN)g
6 . 6 .0  X 10“ ^  CrCl^ 7.50 X 10"^M CrCl
/ L.
4 .0  X 10’ \  K2^Mo(CN)g 5.00 X 10“ ^M K^MoCCH)g
7 . 7.0 X 10“ ^M C rC l. 8.75 x 10"^M C rC l,
I L.
3.0 X 10‘ \  K^Mo(CN)g 3.75 x 1 0 "%  K^Mb((3N)g
8 . 8 .0  X 10“ ^M CrCl^ 1.00 x 10~^M CrCl3
2.0 X lO^^M Kj^ Mo(CN)g 2.50 x 1 0 "^  K^Mo(CN)g
9. 9.0 X 1 0 '\  CrCl^ 1.125 x10 “ M^ CrCl^
1 .0 X 1 0 "\  K^ M0(CN)g 1 .25 X 10” M^ K^Mo(CH)g
The m ixtiJres were kept a t 50*^ C fo r 3 hours and O.D. 




MixtTCe Ko. O.D. Set I  O.D. Set I I I
1 0.200  0.225








(P ig . 18)
e tlc s  o f the In te ractio n  of chromic ch loride and Potassiumml?VbdOCTaiJa57
In  view of the fa c t that the reaction  between chrcMnic 
ch loride and potassium molybdocyanide is  quite slow i^ t the
ordinary temperature and i t  takes some time to reach completion
I
even a t higher temperatures, i t  was thought worttartiile to 
carry out a few prelim inary studies on the k in e tics  o f th is 
reactio n . Since development o f red colour is  observed vrtien 
the reactions in  the absorption values of various mixtures 
w ith  time were determined^ Measurements were carried  out w ith 
the help o f Bausch and Loab »Spectronic 20» a t 365 mu. A ll 
experiments were performed a t 50 + 0 ,1 ° i-w, an o il bath 
(therm ostat)•
The fo llow ing  sets o f mixtures were prepared (1 ) To 5 cc 
potassium molybdocyanide (1.25 x 10 "^ M) varying amounts (0 .2 , C 
0 .6 , 0 .8 , 1.0 cc) o f 0.01H chromic ch loride were added and 
to ta l volume was made upto 6 cc; (1 1 ) To 5 cc chromic chloride
(1*25 X 10 ^M) 0 ,2 , 0 ,4 , 0 .6 , 0*8, 1.0 cc o f potassiiaa 
molybdocyanide o f strength 0,01M were added and to ta l volume 
was made upto 6 cc; ( l i i )  To see the influence of chloride 
ions on the reactio n , 0 ,0 , 0 .5 , 1*0, 1.5, 2,0 and 2.5 cc 
o f 1 .CM potassium chloride were added to a mixture of chrcmic 
ch lo ride and potassitam molybdocyanide (2 cc of 0«01H each) 
and the to ta l volume was made upto 6*5 cc.
The re su lts  are tabulated in the following tab les.
Table 34.
V ariations in  O.D. o f chromic ch loride potassium molybdocyanid 
m ixtures w ith  tim e.
.  44 -
Mixtures 1, 2, 3, 4 and 5 contain 3.33 X 10“ ^, 6.66 -4X 10 ,
1.0 X  lO* 1.33 X 10  ^ and 1.66 X 10“ - CrCl^ in  1.04 X lO'^M
K^Mo(CN)g
Time O.D. O.D. 0.D, O.D. O.D.
minutes m ixture 1 mixture 2 mixture 3 mixture 4 mixture 5
10 0.50 0.57 0.62 0.68 0.80
20 0.56 0.70 0.80 0.85 1.00
30 0.64 0.80 0.45 1.00 1.30
40 0.64 0.85 1.00 1.30 1 AO
50 0.65 0.92 1.10 1.45 1.49
65 0.66 0.95 1*18 1.53 1.60
85 0.67 1 .00 1.25 1.60 1.60
105 0.67 1 .00 1.29 1.60 1.60
125 0.68 1 .00 1.30 1.60 1 .60
155 0.69 1.00 1.30 1.60 1.60
185 0.70 1.00 1.30 1.60 1.60
( F i g .  19)
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Table 35.
V ariation s In  O.D. o f chromic ch loride potassitam molybdocyanide 
m ixtures w ith  tim e.
Miztupes 1, 2, 3, 4 and 5 contain 3*33 x 10*^, 6,66 x 10*^,
1.0 X 10“ ^, 1.33 X 10"^ and 1.66 x 10~^ M K^Mo(CF)g in  











10 0.29 0.3 0.56 0.70
20 0.31 0.44 0.68 0.90
30 0.38 0.54 0.85 1.10
40 0.40 0.58 0.90 1.15
0.45 0.64 0.96 1.21
65 0.50 0.70 1.09 U28
85 0.54 0.77 1.20 1.33
105 0.58 0.85 1.26 1.37
125 0.60 0.90 1.30 1.40
155 0.62 0.90 1.30 1.40
185 . 0.64 0.92 1.30 1.40




Variations in  the O.D, of chromic ch loride potassium 
molybdocyanide mixtures containing varying amounts of 
potassium ch lo rid e .
M ixtures 1, 2, 3, 4, 5 and 6 contain 0, 5.0 x 10” ^, 1 .0 x 10**^
1.5 X 10“ ‘‘ j 2.0 X 10*"^  and 2.5 x lO'^ M KC l. Concentration 
both o f chromic ch loride and potassium molybdocyanide being 
2.0 X 10“ M^ in  the m ixtures.
Time O.D. O.D. 0.D, O.D. O.D. O.D
minutes mixture 1 mixture 2 m ixtiire 3 mixture 4 mixture 5 mixtur
0 0.60 0.57 0.53 0.50 0.48 0.47
10 0.72 0.62 0.56 0.54 0.52 0.52
20 1.00 0.80 0.70 0.62 0.55 0.56
30 1.30 0.90 0.75 0.75 0.64 0.63
40 1.50 1 .10 0.90 0.80 0.67 0.66
55 1 .70 1.40 1.0 0.85 0.77 0.76
70 2.0 1.80 1.16 0.95 0.82 0.81
85 2.0 1.80 1.40 1.20 0.95 0.95
105 2.0 1.80 1.40 1.20 1 .00 0.95
125 2.0 1.80 1.40 1 a o 1.00 1.00
(F ig . 21)
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In  order to examine the p o s s ib ility  of the hydrolysis 
of potassium molybdocyanide in  presence of chromic ions, 
va ria tio n s in  pH of the chromic ch loride and potassium molybdo­
cyanide mixtures w ith time were determined. For th is  purpose 
fiv e  mixtures containing 5 cc 0,01 M K^MoCy^  and varying amounts 
(0 .5 , 1 .0 , 1.5, 2 .0 , 2.5 cc) of 0.01M CrCl^ were prepared 
(to ta l v o l. 7.5 cc) and kept fo r ten minutes in  the thermostsftic 
o il bath. A fte r the elapse of th is period, pH of the d iffe ren t 
m ixtures were measured by Beckman pH meter Model G.
Table 37.
Variations in  pH of chromic ch loride potassium molybdocyanide 
mixtures w ith tim e.
M ixtures 1, 2, 3,, 4 and 5 contain 6.66 X 10“ \  1.33 X 1o■■^
2 X 10’ ^, 2.66 X 10 ^  and 3.33 X 10“ \ CrCl3 in  6.66 X 10"^ M
K^Mo(CN)jB*
Time pH pH pH pH pE
minutes mixture 1 mixture 2 mixture 3 mixture 4 mixture 5
0 4.50 4.42 3.62 3.35 3.00
25 4.65 4.55 3.70 3.50 3.15
60 4.82 4.75 3.82 3.56 3.20
100 5.20 5.00 4.15 4.00 3.70
120 5.30 5.18 4.25 4.20 3.85
150 5.35 5.25 4.35 4.25 4.10
200 5.35 5.25 4.50 4.40 4.20
240 5.30 5.20 4.50 4.51 4.25
300 4.90 4.60 4.30 3.95 3.95
(F ig . 22)
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D I S C U S S I O N
Composition o f the Chromic Molvbdocyanlde Complex.
The reaction  between chromic ch loride and potasslton
molybdocyanlde presents many In terestin g  features worth consldei
In g , On purely q u a lita tive  considerations i i t  may be concluded
th at the reaction  Is  a slow one and Is  la rg e ly  dependent upon
the concentration of the reactants and the temperature* For
example, w ith  d ilu te  so lutions (conc. less than 10*^ ) the
reaction  Is  too slow a t the room temperature and no v is ib le
change in  colour is  observed even an keeping the reaction
mixture fo r more than 24 hours. W ith concentrated solutions
-2(Cone, higher than 10 M ), however, development of colour is
observable a fte r eight to ten hours at th is  temperature.
Moreover, the reaction  becomes fa ste r a t higher temperature, 
oThus a t 50 w ith  d ilu te  solutions s lig h t development in  colour
took place a fte r two to three hours w hile w ith  concentrated 
** 1so lutions (10 M and beyond) a percep tib le change In  colour 
from yellow  to red is  observed under s im ila r conditions.
Evidence fo r the re su lts  described above is  forthcoming 
on the basis of spectrophotometric study. On applying Vosburgh 
and Cooper* s method fo r mixtures (C r s MoCyg as 1*1, 1:2, 
1t3, 2:1 and 3:1) obtained on immediately mixing the reactants 
(F ig . 4) and a fte r keeping fo r 24 hours (P ig .5) and 48 hours 
(P ig . 6 ), the absorption maxima ex ists a t 2^ 70 mu in  almost a ll  
cases except those in  curves 4 and 5 of Fig, 5* where these ex ist 
a t 3^ 65 mu. A lso the curves fo r mixtures kept fo r 48 hours
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d iffe r  from tiie re st In  not exh ib iting  a minima before the 
appearance o f the '^ najcima in  the wavelength, 0*D, curves 
(comper. P ig . 4 and Figs* 5 and 6 ),
Moreover I since the mazima fo r potassitim molybdocyanide 
ex ists a t 370 mu (Table 3, F ig , 3) i t  may be concluded that 
very l i t t le  in te ractio n  between chromic ch loride ahd potassium 
molybdocyanide is  taking place even a fte r the elapse of 
24 hours when working a t the room temperature. A sh ift in  
maxima from 370 mu to 365 mu fo r mixture kept fo r fo rty  eight 
hours may be a probable in d ica tio n  of some sort o f chemical 
eombinatidtn  ^ taking p lace.
oExperiments carried  out a t 50 exh ib it a behaviour 
altogether d iffe re n t from that observed for mixtures studied 
a t the ordinary tem perature. Here not only the maxima are 
sh ifted  from 3 70 mu to 3^5 mu but the minima proceeding the 
maxima to ta lly  disappear. On the basis of the Vosburgh Cooper 
method the working conditions fo r the ap p lica tio n  of Job ’ s 
method could be determined. These are; experiments shotild be 
performed a t 50° a fte r keeping the mixtures o f chromic chloride 
and potassium molybdocyanide fo r about 3 hours; since only one 
ccaaplex is  formed, O.D. measurements should be carried  out 
a t 365 mu (the absorption fo r the reactants a t th is  wavelength 
being much less than fo r the m ixtures). Furthermore, experiment 
carried  out a t 80® f a i l  to provide any usefu l clue regarding 
the working condition (F ig . 8 ).
M ixtures obtained on mixing the reactants (Cone, 0.02H, 
0.01M and 0.005M) according to the Job ’ s method o f continued
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va ria tio n  and on keeping fo r three honrs a t 50® were fotuad 
to have very high absorption value bo much so that the readings 
went o ff the sca le . However, on d ilu tin g  the mixtures to 
twenty, ten and fiv e  times resp ective ly  th e ir o rig in a l concen­
tra tio n , O.D« m easur^ents could be s a tis fa c to r ily  made. The 
re su lts  fo r mixtures obtained by mixing the reactants of conc« 
0.02M, 0.01 M and 0.005M fo r the wavelength range 355 to 380 mu 
are depicted in  Figs • 9 > 10 and 11. Prom the curves i t  might 
be seen that in  each case the combining ra tio  comes out to be 
1:1 , pointing thereby fo r the form ation o f the complex 
KCr^^^M6^^(CN)g, according to the sto ichiom etric equation.
CrCl^ t  Kj|^ Mo(Cl?)g r  KCrMo(CN)g 3 KC l.
Further support to the conclusions arrived  a t on the 
basis of Job ’ s method is  ava ilab le  from the slope ra tio  method. 
Experiments carried  out w ith d iffe re n t concentrations o f the 
reactants (tab le s 2? to 32 ) fo r the wavelength range
355 mu to 380 mu give a stra ig h t lin e  (P ig s . 12 to 17) having 
the same slope (ra tio  1s0.98). From these re su lts  i t  can 
again be concluded that the complex KCr^^^lfo^^(CN)g is  formed^ 
For determining the form ation constant o f the chromic
ferrocyanide complex, red in  colour, two sets of m ixtures, w ith
-3 -3concentrations o f the reactants as 1 x 10 M and 1.25 x 10 M
were prepared according to the Job»s method. The 0.D, (not
th e ir d iffe ren ce ) were then p lotted  against the ra tio
t  (BoCyg)"** (P ig . 18 ).
Applying the equation (Dey. A«K*, lo c . c it* )«
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(a^ - xKb^ - z ) *
*1 ‘'1OP * =
a^b, - 82^2
(a^  ^ b^) - (ag -t bg)
where x is  the concentration o f the complex and a^  and a2 t and 
b^  and b  ^ are the concentrations of the reactants giving the 
same 0,D« (th a t is  the same value o f x, k was calcu lated fr<ni 
d iffe re n t values o f a and b . Thus taking the concentration of 
Cr as 7*2 x 10 M and 9,75 x 10 M and those of the corres­
ponding MoCy-g" *"* as 2.8 X 10” ^M and 2,75 x 10“ ^M respective ly 
the value of x from the above equation was found to.be 
2.66 X 1G~^ M and k comes out to be 4.21 x 10” ^ .
K in e tics  of the reaction  between Chr_qaic Chloride and Potassinm 
Holybdocyanide.
The experimental observations on the varia tion s in  O.D. 
o f C r ( i i i )  potassium molybdocyanide mixtures lead to  the 
follow ing conclusionss
( i )  the C r ( i i l )  potassium molybdocyanide reaction  is  
dependent both on the concentration o f Cr^ "^  ^ and MoCyg 
(F ig s . 19 and 2 0 ).
(11) the range o f va ria tio n  in  O.D. fo r so lutions containing 
fixed  amount o f potassium molybdocyanide and varying amounts 
o f chromic ch loride is  sm aller than fo r sfiilutions containing 
fixed  amount of chromic ch loride and varying amounts of 
potassium molybdocyanide (Table 34 and 35)•
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( l i i )  Presence o f KCl of concentration ranging frcaa 5 x 1 0  M 
to 2.5 X 10 in  chrcffllc ch loride potassiua molybdocyanlde 
mixture (conc. of both the reactants 2 x 10 ^H) reduces the 
o rig in a l O.D. (Table 36 and F ig . 2 1 ).
( iv )  the ra te  o f the reactio n  increases w ith tim e.
In  order to explain the mechanism of th is  reaction , 
i t  w ill be worthirtiile to consider p a ra lle l cases met w ith 
during the course of investigations on the influence of certa ir 
metal ions on potassium ferrocyan ide. For the f ir s t  time 
T. P in te r (Chem. Zen ta., 19^1, 1., 17O8) observed that Hg^^ in  
s lig h tly  acid so lu tion  catalyses the form ation of co llo id a l 
Prussian blue from a lk a li ferrocyan ide. In  the early  f if t ie s  
G. Enschw iller (lo c . c i t . )  and S . Asperger (lo c . c it . )  carried  
out extensive investigations on the k in e tics  o f the decomposi­
tio n  o f potassium ferrocyanide by determining the variation s 
in  the ex tin ction  co e ffic ie n t w ith  time o f the v io le t complex 
(FeCy^.C^H^O) . According to  Asperger the equilibrium  
reaction  PeGy^ (FeC y^ .^0 ) " t  ON in  the dark
is  sh ifted  completely towards the le f t  but i t  can be prevented 
by inducing the re la tiv e ly  fa s t Irre ve rs ib le  process 
(PeCy^.HgO)” " "  t  C^HjirO=(FeCy^.CgH^HO)*’ * '‘’ + HgO and i t  would 
then be possible to measure the ve lo c ity  of decomposition of 
ferrocyanide in to  aquapentacyanide. En sch w ille r, using the 
same method, found enough evidence fo r the stepwise d issocia­
tio n , f ir s t  to (FeCy5.1^0) (K^) and then to Pe^^. He was
however, of the view that both c a ta ly tic  and stoichicMaetric
«2
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reactions oectur sim ultaneously. According to  him the 
sto ich iom etric reaction  product is  the c a ta ly tic  species and th< 
reactio n  proceeds in  two steps* ( i )  FeCy^ -V Hg —
PeCy^ -V EgCN  ^ and ( l i )  HgCN^  ^  ^ PeCy5" " '’’t  Hg(3CN:
On the basis o f the above facts  regarding the decomposi­
tio n  o f potassium ferrocyanide by Hg i t  would be in teresting  
to  postulate a s im ila r mechanism fo r the reaction  under study* 
Here the reaction  may be assumed to take the follow ing course*
( i )  -V MoCyg'**” "  ^ ( M o C y ^ . H ^ O ) " ’ * t  Cr(CN)'^ ’^ .
TTT TV( l i )  (MoCyg*H20) -V Cr Cr"" -^ (Mo Cyg.H20),
followed by the c a ta ly tic  decomposition o f potassium molybdo- 
cyanide
H»0 . . .
( i l i )  Cr(CN) 2MoCyg 2(Mo(3y^*H20) + Cr(CN)^.
( I v )  CrCCN)^ + 2E^0 ^  C H C m f- + 2HCH + 20H"
Of the above reactions, ( ! )  is  a slow one dependent 
upon both the concentration o f Cr " and MoCyg while 
reaction  ( i i )  is  a fa s t reaction  representing the formation of 
the ccmplex Cr^^^ (Mo^^C^g.H20), Reaction ( i l l )  represents 
the c a ta ly tic  decomposition of Mo(^ g and should be dependent 
upon the concentration 'o f MoCyg *
Reaction ( iv )  takes place due to the hydro lysis of 
potassium i^olybdocyanide* Since KOH is  the product of bydrolysi 
should increase w ith  tim e. This is  what has actu a lly  beai
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observed in  the case o f the studies on tiie va ria tio n s in  pH 
w ith  time (v id e  Table 37 and F ig , 2 2 ),
That Cr^ ""  can bring about such a change in  the 
molybdocyanide so lution  finds support in  the re su lts  on the 
in vestig atio n  on the influence o f chromic ions on potassium 
ferrocyanide carried  out in  these laborato ries recen tly 
(M alik  r, lo c , c it , ) *  Here the author found that chromic ions 
cata lyse the decomposition of potassium ferrocyanide in to  
aquapentacyanide•
C H A P T E R  I I
IRON oomiMms of potassium octactanomolybpates
Besides C r ( i i i ) ,  the other heavy metal which gives 
souble complexes w ith  a lk a li molyMo- and molybdicyanides is  
iro jj. I t  was observed that iro n , both in  it s  d iva len t and 
tr iv a le n t sta tes, in te ra c t w ith  these cyanogen compounds to 
g ive souble complexes. Prelim inary experiments on the in te r­
action  o f fe r r ic  ch loride and ferrous sulphate w ith  potassium
f
molybdocyanide and potassium molybdicyanide resp ective ly  gave 
evidence of s im ila r type o f colour changes. Thus i t  was 
observed that w ith  excess o f fe r r ic  or ferrous ions, a blue 
so lu tion  was obtained w hile w ith excess of molybdo- or 
molybdicyanide greenish blue colour develops in  the so lu tion . 
Such a behaviour was not found surprising since many analogus 
reactions are met w ith  during the course of the investigations 
on the in te ractio n  o f iron  w ith a lk a li fe rro  - and ferriqyan ide 
The work described in  th is  chapter deals w ith two main aspects 
of the problem ( i )  composition o f these complexes and the 
in fluence of the oxidation po ten tia ls of Fe^ *^  Fe^ t
e and MoCyg MoCyg t  e on th e ir composition,
( i i )  the u t i l it y  of the MoCy” ” " "  MoCy.""* + e8 8
in d icato r electrode in  determining the composition o f ferrous 
molybdicyanide p o ten tiom etrica lly.
The composition of the complex formed by the in teraction  
of fe r r ic  ch loride and potassium molybdocyanide could not be 
s a tis fa c to r ily  studied by employing the conductometric, 
potentiom etric and amperometric t itra tio n  methods. In teresting  
enough th is  complex was found reducib le a t the dropping
mercury electrode, g iving ty p ic a l polarographic wave, but 
here t»o the polarographic method could not be successfu lly 
employed in  view of the fa c t that the complex became unstable 
on coming in  contact w ith the mercury drops (a  s lig h t 
tu rb id ity  followed by p rec ip ita tio n  in  the polarographic c e ll 
was observed). The spectrophotometric method was, however, 
found usefu l in  determining it s  composition and s ta b ility .
The la tte r  method was also trie d  fo r investigating  the complex 
formed by the in te ractio n  of ferrous sulphate and potassium 
molybdicyanide but re lia b le  inform ation could not be obtained 
since E^Mo(CN)g got appreciably decomposed by the lig h t fr<M 
the tungsten lamp of the spectrophotometer,
Potentiom etric titra tio n s  were carried  out by employing 
two types o f in d ica to r electrode: (1 ) potassium mo]ybdocyanide 
containing a l i t t l e  molybdicyanide fo r determining the 
composition of the complex formed by the in teractio n  o f fe rr ic  
ch loride and potassium molybdocyanidef ( i i )  potassium molybdi­
cyanide containing a l i t t le  molybdocyanide fo r the ferrous 
molybdicyanide complex. Of these, the f ir s t  electrode fa ile d  
to give sa tis fa c to ry  re su lts  and no lig h t on the nature of the 
product formed by the in te ractio n  of fe r r ic  ch loride and 
potassium molybdocyanlde could be thrown. However, the second 
electrode behaved as a p e rfe ctly  reversib le  electrode and 
typ ica l potentiom etric t itra tio n  curves were obtained.
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E X J- .0 . A  JL.
So lu tlons« Potassium molybdocyanlde was prepared and it s  
strength determined by the method described e a r lie r (chapter I) , ,  
PotassitM  molybdicyanide was obtained by the oxidation 
of potassitm  molybdocyanide according to Kolthoff^s m odification 
(K o lth o ff and Tomsicek; J .  Phys. Chem., 1936, IjO, 24?) of 
P ieser*s o rig in a l method (F ie se r; J ,  Amer* Ch®i. Soc,, 1930,
52. 5204). A c id ified  potassium molybdocyanide so lution (200 cc 
0,1M) was oxidised w ith  potassium permanganate (0*05M) u n til 
the resu ltin g  so lu tion  turned p ink. S ilv e r  n itra te  (2M) was 
then added in  excess i^ereby a brown red s ilv e r  s a lt of 
molybdicyanide got p rec ip ita ted . The p recip ita te  was filte re d  
o ff on a Buchner funnel and washed u n til no t is t  fo r the s ilv e r 
ions was obtained in  the washings* The moist s ilv e r  molybdi-* 
cyanide was suspended in  water and shaken w ith  somewhat less 
than the equivalent quantity o f potassium ch loride leaving some 
s ilv e r  molybdicyanide undecomposed*
The so lu tion  was filte re d  and the f ilt r a t e  was used as a 
stock so lu tion .
As the pentavalent molybdenum compdunds are sen sitive  
to  lig h t the above operations were carried  out in  the dark room.
The strength of the molybdicyanide was determined 
po ten tiom etrica lly by t itra tin g  against potassium ferrocyanide. 
K o lth o ff (lo c . c i t . )  recoEmended the t itra t io n  in  the aeu tra l 
or s lig h tly  a lk a lin e  so lution  since sa tis facto ry  resu lts could
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not be obtained in  the a c id ic  Kediuza due to a rapid ris e  
in  the oxidation p o ten tia l of the ferro- ferricyan id e  system 
in  th is  medium. The titra tio n s  were, therefo re, carried  out 
in  the neu tral mediui^ .
Table 1.
Potentiom etric t it r a t ion of potassium molybdicyanide against 
potassium ferrocyan ide.
Volume o f K^Mo(CN)g Solu tion  » 10 cc
Strength of K^PeCCH)^  s 0.101M
Volume of Po te n tia l Volume of Po ten tia l Volume of Po ten tia l
K^PeCcaDg (V o lts ) K^PeCCN)^  (V o lts ) K2^ Pe(CH)g (V o lts )
0.0 cc 0,6643 3.0 cc 0.5495 5.3 CC 0.2960
0.1 cc 0.6450 4.0 cc 0.5275 5.4 CC 0.2845
0.3 cc 0.6225 5.0 cc 0.4630 5.6 CC 0.2695
0.5 cc 0.6117 5.1 cc 0.4170 6.0 CC 0.2515
n o cc 0.5920 5.15cc 0.3455 7.0 CC 0.2315
2.0 cc 0.5691 5.20CC 0.3171 8.0 CC 0.2200
(P ig , 1)
10 cc K^!fo(CN)g ?  5.15 cc K^Pe(CH)g 0.101M
Strength o f K^Mo(C!N)g so lu tion  - 0,052M
F e rric  ch loride so lution  was prepared by d isso lving 
the B .0 .H . c rys ta ls  in  doubly d is t ille d  water containing a 
few cc of hydrochloric a c id . It s  strength was determined \ny 
t itra tin g  against potassixjm ^Jermanganate so lu tion  a fte r 
reducing i t  w ith  zinc and hydrochloric ac id . Perrous sulphatej 
c ry s ta llis e d  three tim es, was used fo r preparing the solution 
and the strength determined vo lu m etrica lly .
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Potassium ferrocyanide so lu tion  was prepared by- 
d isso lving  re c ry s ta llis e d  sample of the reagent in  double 
d is t ille d  w ater. The strength was determined by titra tin g  
against potassium permanganate o f knowi strength (Sutton: 
volum etric an a lys is , Ed. 10, p . 217),
ApparatRs; Beckman DU spectrophotometer w ith  1 cm, corex 
c e lls  and tungsten lamp as the lig h t source was used fo r op tica l 
density measur^ents •
■ I
E.M .F, measurements were carried  out, using T insley
Vern ier potentiometer (type 33873)5 the In d icato r electrode
4*» 3—
(MoCyg MoCyg + e couple) was obtained by dipping a
b righ t platinum electrode in  the so lution o f potassium molybdi-
cyanide9 containing a l i t t l e  potassium molybdocyanide,
Polarographic measurements were done by a Fisher
Elecdropode w ith m u ltiflex  galvanometer type MGF2, The
polarographic c e ll consisted of a dropping mercury electrode
(drop time 3*2 seconds) cmd a calomel electrode* An in e rt
atmosphere was maintained by passing nitrogen gas pu rified  by
passing through chrc»nous ch loride and allcaline pyrog allo l.
The c e ll was kept dipped in  a therm ostatic water bath maintained
at 30 i  0,1®.
Composition o f Iro n  MolvbdocYanogen Complexes by Spectroohoto- 
m etrlc Metnodst
Since potassium molybdicyanide is  very sen sitive  to 
lig h t, the spectrophotometrlc method fo r determining the 
composition of the product formed by the in te ractio n  of potassiua
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molybdicyanide and ferrous sulphate could not be used. This 
method was, therefo re, employed fo r find ing the composition 
and s ta b ility  of the fe r r ic  molybdocyanide complex.
Vosburgh and Cooper's method (lo c . c it . )  was f ir s t  
of a l l  employed to know the number o f complexes formed. The 
reactants were mixed in  d iffe re n t proportions and the op tica l 
density measured a t d iffe re n t wavelength#,ranging from 360 mu 
to 1000 mu* A ll the mixtures gave the maxima at 840 mu, 
showing thereby the form ation o f only one complex.
Jo b 's  method (lo c , c i t , )  o f continuous va ria tio n  was 
followed fo r determining the composition of the complex. 
So lu tions of fe r r ic  ch loride and potassium, molybdocyanide of
four d iffe re n t concentrations, v iz ., 4 x lO^M , 2 x 10
-3 -31 «25 X 10 M and 1,0 x 10 M were mixed according to the
method of continaom svariation and 0,D, measured a t 725, 750, 
775, 800 and 840 mu, ten minutes a fte r mixing the reactan ts. 
F e rric  ch loride and potassium molybdocyanide a t these wave­
lengths had a n eg lig ib ly  sm all absorption. O p tical densities 
o f the so lutions were p lotted against the ra tio  (Fe^^ ")/(Pe^^")
(MoCy
o
The re su lts  of Jo b 's  method were fu rth er confirmed
by the slope ra tio  method (lo c , c i t , ) .  Two sets of experiments
v iz ,, one %rtiere the concentration of molybdocyanide was kept 
and
constant/that of fe r r ic  ch loride was varied , w hile in  the 
other the mixing was done in  the reverse order. The slope 
was determined over^the stra ig h t lin e  portion of the curve.
- 61 -
The re su lts  are tabulated in  the follow ing tab les:
Table 2 .
Concentration of PeCl^ 
Concentration of Kj|^ Mo(CN)g





Ratio  of fe r r ic  ch loride to potassitun molybdocyanide 





























































































































































(F ig . 2)
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Table 3 .
-3Concentration of the reactants 4*0 x 10 M
Vol* of Vol* of 0 tJ) ^  0 • 0«D« 0 «D • 0«D*
FeCl^ K/j.Mo(GS)g 725 mu 750 am 775 mu 800 mu 840 mu
1,0 9.0 0.105 0.117 0.128 0.136 0.144
2.0 8.0 0.304 0.345 0.375 0.400 0.421
3.0 7*0 0.620 0.690 0.740 0.780 0.815
4.0 6.0 0.960 1.071 1.150 1.201 1.260
5.0 5.0 1.370 1.502 1.602 1.652 1.721
6.0 4.0 1 .1*20 1 .5200 1.552 1.622 1.801
7.0 3.0 1.110 1.200 1.250 1.302 1.300
8.0 2.0 0.680 0.740 0.780 0.800 0.815
9.0 1.0 0.281 0.306 0.322 0.335 0.340
(F ig . 3)
Table 4 .
Concentration of the reactants = :2.0 X 10 '^ M
V o l. of V o l. of O.D. 0«D. O.D. O.D. O.D.
FeCl^ K;^ !fo(CH)g 725 mu 750 mu 775 mu 800 mu 840 mu
1.0 9.0 0.045 0.052 0.055 0.060 0.063
2.0 8.0 0.150 0.170 0.186 0.197 0.208
3.0 7.0 0.277 0.315 0.340 0.360 0.375
4.0 6.0 0.407 0.450 0.480 0.500 0.520
5.0 5.0 0.456 0.510 0.540 0.568 0.585
6.0 4.0 0.405 0.454 0.490 0.521 0.532
7.0 3.0 0.328 0.366 0.387 0.416 0.422
8.0 2.0 0.216 0.260 0.256 0.275 0.280
9.0 1.0 0.093 0.103 0.110 0.116 0.118




Concentration of the reactants - 1 .2 5 x 1 0  H
V o l. o f V o l. o f O.D. O.D. O.D. O.D. O.D.
PeCl^ K^Mo(CN)g 725 mu 750 mu 775 mu 800 mu 840 mu
1.0 9.0 0.039 0.041 0.041 0.041 0.044
2.0 8.0 ■ 0.087 0.094 0.102 0.103 0.107
3.0 7.0 0.175 0.187 0.200 0.209 0.219
4*0 6.0 0.235 0.261 0.278 0.292 0.306
5.0 5.0 0.316 0.345 0.371 0.385 0.401
6.0 4.0 0.325 0.352 0.375 0.375 0.385
7.0 3.0 0.263 0.285 0.303 0.315 0.322
8.0 2.0 0.172 0.186 0.196 0.205 0.209
9.0 1.0 0.082 0.087 0.092 0.095 0.098
(F ig . 5 )
Table 6.
Concentration of ■the reactants r  1.0 X 10“ M^
V o l. o f V o l. o f O.D. O.D. O.D. O.D. O.D.
PeCl3 K^Mo(CN)g 725 mu 750 mu 775 mu 800 mu 840 mu
1.0 9.0 0.030 0.031 0.031 0.032 0.031
2.0 8.0 0.067 0.073 0.077 0.081 0.084
3.0 7.0 0.116 0.128 0.137 0.144 0.150
4.0 6.0 0.180 0.200 0.216 0.227 0.238
5.0 5.0 0.237 0.263 0.281 0.295 0.308
6.0 4.0 0.225 0.275 0.292 0.305 0.315
7.0 3.0 0.182 0.200 0.216 0.225 0.213
8.0 2.0 0.145 0.155 0.167 0.173 0.177
9.0 1.0 0.066 0.071 0.076 0.080 0.082
(F ig . 6)
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Table 7. 
Volume o f 0.002M K^Mo(CN)g 
Strength of F e rric  Chloride 
Total volume made up
= 5.0 cc 
= 0.02M 
- 6,0 cc
Volume o f O.D. O.D. O.D. O.D. O.D.
FeCl^ 725 mu 750 mu 775 mu 800 mu 840 mu
0,1 cc 0.141 0.155 .167 0 .175 0.131
0.2 cc 0.341 0.375 .404 0.414 0.440
0,3 cc 0.568 0.630 .670 0.750 0.735
0,4 cc 0.810 0.900 .970 1.02 1.05
0.5 cc 1.05 1.150 1 .220 1.30 1.35
0.6  cc 1.25 1.361 1 .460 1 .54 1.58
0.7  cc 1.47 1.602 1 .700 1.82 1.82
0.8 cc 1.61 1.781 1.85 1.93 2.00
0,9 cc 1.78 1.900 1.95 1.99 2 .0-00
1 .0 cc 1.80 1.993 2.00 2.00 2 .0-00
(F ig . 7)
Table 8*
Volume of 0.002M F e rr ic  Chloride T- 5.0 cc
Strength of potassium molybdocyanide = 0 .02M
T o ta l volume made up 6.0 cc
Volume o f O.D. O.D. O.D. O.D. O.D.
K^Mo(CN)g 725 mu 750 mu 775 mu 800 mu 840 mu
0.1 cc 0.181 0.204 0.220 0.229 0.235
0.2 cc 0.372 0.407 0.443 0.463 0.478
0.3 cc 0.540 0.600 0.640 0.$70 0,690
0.4 cc 0,692 0.770 0.820 0.860 0.880
0.5 cc 0.790 0.862 0.930 0.980 1.00
0.6 cc 0.860 0.960 1.03 1.08 1.10
0.7 cc 0.900 1 .00 1 .07 1.13 1.16
O.B cc 0.940 1.05 1.12 1.18 1.22
0.9 cc 0.970 1.07 1.15 1.22 1.25
1 .0 cc 1 .020 1.13 1.20 1.27 1.28
(P ig , 8)




Volume of 0.00125M K,Mo(CN)„A- 8 r 5*0 cc
Strength o f Chromic Chloride a 0.012 5M
Total volume made up r 6,0 cc
Volume of O.D. O.D. O.D. O.D. O.D.
FeCl^ 725 mu 750 mu 775 mu 800 mu 840 mu
0,1 cc 0.08 0,085 0.090 0.092 0.094
0,2 cc 0,162 0.178 0.190 0.200 0.210
0.3 cc 0,316 0.350 0.373 0,393 0.410
0,4 cc 0.472 0,520 0.554 0.580 0.600
0,5 cc 0,561 0.618 0.656 0,690 0.710
0,6 cc 0.672 0.740 0.790 0.820 0.850
0,7 cc 0.735 0.340 0.S80 0.900 0.990
0,8 cc 0.805 0.880 0.935 0.970 0.990
0.9 cc 0.820 0.900 0.960 0.990 1 .010
1 .0 cc 0.870 0.940 1 .000 1.040 1 >050
(F ig . 9)
Table 10,
Volume of 0,00125M Chromic Chloride r  5*0 cc
Strength o f potassium molybdocyanide = 0,0125M
Total volume made up 6.0 cc
Volume of O.Q. O.D. O.D. 0.D, O.D.
K^Mo(CN)g 725 mu 750 mu 775 mu 800 mu 840 mu
0.1 0,146 0.157 0,165 0,170 0.1740,2 0.278 0.302 0.320 0.331 0.340
0,3 0,430 0.470 0.500 0.520 0.535
0.4 0.552 0.605 0.640 0,670 0.690
0,5 0,600 0.660 0.700 0,740 0.760
0,6 0.625 0.685 0.730 0.770 0.795
0.7 0.632 0,675 0.725 0.780 0.800
0,8 0.640 0.700 0.750 0.780 0,805
0,9 0.622 0.685 0.730 0.760 0.790
1,0 0,600 0.660 0.700 0.740 0,765
(P ig , 10)
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Table 11.
Volume of O.CX)1M K^Mo(CN)g = 5.0 cc
Strength of F e rric  Chloride s 0.01M
Total volmae made up s 6.0 cc
Volume of O.D. 0.D, O.D. O.D. O.D.
FeCl^ 725 mu 750 mu 775 mu 800 mu 840 mu
0*1 cc 0.048 0.053 0.055 0.058 0.058
0.2 cc 0.146 0.160 0.170 0.178 0.184
0.3 cc 0.235 0.260 0.278 0.294 0.306
0.4 cc 0.360 0.400 0.424 0.446 0.461
0.5 cc 0.445 0.493 0.530 0.555 0.578
0.6 cc 0.510 0.560 0.605 0.632 0.650
0.7 cc 0.570 0.625 0.672 0.700 0.720
0.8 cc 0.591 0.650 0.700 0.730 0.746
0.9 cc 0.611 0.670 0.715 0.750 0.770
1 .0 cc 0.640 0.700 0.745 0.770 0.790
(F ig . 11)
Table 12.
Volume of 0,001 M F e rric  Chloride r  5*0 cc
Strength of potassium molybdocyanide = 0.01M
Total volume made up :? 6.0 cc
Volume of O.D. O.D. O.D. O.D. O.D.
K^Mo(CN)g 725 mu 750 mu 775 mu 800 mu 840 mu
0.1 cc 0.102 0.111 0.117 0.123 0.126
0.2 cc 0.227 0.246 0.261 0.273 0.281
0.3 cc 0.333 0.375 0.385 0.402 0.414
0.4 cc 0.404 0.442 0.472 0.500 0.513
0.5 cc 0.440 0.485 0.520 0.545 0.565
0.6 cc 0.453 0.499 0.533 0.563 0.580
0.7 cc 0.460 0.502 0.538 0.567 0.581
0.8 cc 0.469 0.510 0.541 0.571 0.5860.9 cc 0.458 0.498 0.538 0.560 0.581
1 *0 cc 0.446 0.488 0.522 0.550 0.570
(P ig . 12)
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Comiaosltlon o f Iron molybdocvanogen complexes by potentlometric 
method..
The composition of the fe r r ic  molybdocyanide complex 
could not be determined by the potentlom etrie method. The 
in d icato r electrode obtained by dipping bright platinum in  a 
so lution  o f potassium molybdocyanide (containing a l i t t le  
molybdicyanide) did not work s a tis fa c to r ily . However, the 
couple obtained by adding very small amounts of potassium 
molybdocyanide to the molybdicyanide so lution gave a very good 
performance a t the bright platinum electrode and, therefore, 
the composition of the product obtained by the in teractio n  of 
potassium molybdicyanide and ferrous sulphate could be determinec 
by the potentiom etric method. The titra tio n s  a t four d iffe ren t 
concentrations of molybdicyanide so lu tion , v iz ., 0.04M, 0.03M, 
0,025m and 0.02M were carried  out, 10 cc o f the molybdicyanide 
so lu tion  was taken in  the c e ll, comprising of the ind icato r and 
saturated calomel electrodes, and ferrous sulphate (0,1M) was 
added from the bu rette. Reverse titra tio n s  w ith ferrous 
sulphate in  the c e ll were not successfu l. The titra tio n s  were 
performed in  a dark room and the vessels were wrapped w ith 
black paper to avoid the decomposition of potassium molybdicyani< 
by lig h t. The resu lts  are tabulated below:
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Table 13.
Volume of 0.04M K^Mo(CN)g r  10 cc
Strength of ferrous sulphate r  C),1M ' .
Volume of Po ten tia l A B A V AW AV
FeSOi^ (v o lts )
0.0 cc 0.6560
0,5 cc 0.6140 0.0420 0,5 0.084
1 .0 cc 0.5950 0.0190 0,5 0.038
2 .0 cc 0.5705 0.0245 1.0 0.0245
3.0 cc 0.5463 0.0242 n o 0,0242
3 #4 cc 0.5340 0.0123 0,4 0.03075
3.8 cc 0.5175 0,0165 0,4 0.04125
4.2 cc 0.5013 0,0162 0.4 0,0450
4.6 cc 0.4875 0,0138 0,4 0,0345
5.0 cc 0.4750 0,0125 0.4 0.03125
6.0 cc 0.4545 0,0205 1,0 0,0205
7*0 cc 0.4400 0,0145 1.0 0.0145
(F ig . 13, curve 1)
10 cc of 0.04 K«Mo(CN)p S 4.05 cc o f 0*1M FeSO^
=10,1 cc o f 0,04M FeSOji^
Table l4 .
Volume of 0.03M K^Mo(CN)g 10 cc
Strength of ferrous sulphate 3 0.1M
Volume of Po te n tia l 0% l>Y >E/ ^V
FeSO^ (v o lts ) \
0.0 cc 0,6486
0.5 cc 0.6050 0.0436 0,5 0,087
1.0 cc 0.5843 0.0207 0.5 0,041
1 .5 cc 0.5675 0.0168 0,5 0,0332.0 cc 0.5525 0.0150 0,5 0,030
2*5 cc 0.533 5 0,0190 0,5 0.038
3 .0 cc 0.5080 0.0255 0,5 0,051
3.5 cc 0.4850 0.0230 0,5 0,046
4.0 cc 0,4685 0,0165 0,5 0.033
4.5 cc 0,4545 0,0140 0,5 0.028
5.0 cc 0,4450 0.0095 0.5 0.0019
6.0 cc 0.4300 0.0150 1.0 0,015
(F ig .  13, curve 2)
10 cc o f 0.03M K3Mo(CK)g 2 3.0 CC of 0.1M FeSO/.
s 10.0 cc of 0.03M FeSO/.
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Table 15.
VolTTOie of 0.025M K3Mo(CN)g s 10 cc
Strength of ferrous sulphate = 0.1M
Volume of Po ten tia l AV AE/ AV
FeSO^ (v o lts )
0,0 cc 0.6410
0.5 cc 0.5960 0.045 0.5 0.09
1 .0 cc 0.5720 0.0240 0.5 0.048
1 .5 cc 0.5530 0.0190 0.5 0.038
2.0 cc 0.5295 0.0235 0.5 0.047
2.5 cc 0.5010 0.0285 0.5 0.057
3 .0 cc 0.4763 0.0247 0.5 0.049
3*5 cc 0.4580 0.0183 0.5 0.036
4.0 cc 0.4465 0.0115 0.5 0.023
5.0 cc 0.4335 0,0130 1.0 0.013
6.0 cc 0.4240 0,0095 1.0 0.0095
(F ig . 13, curve 3)
10 cc of 0.025M K,Mo(Cn)o a 2,5 cc o f 0.1M Peso.
=10.0 cc of 0.025M FeSO^
Table 16 %
Volume of 0.02M K^Mo(CM)g 10 cc
Strength o f ferrous sulphate s 0.1M
Volume of Po ten tia l A s >7 >E/ A 7
PeSO^ (v o lts )
0.0 cc 0.6323
0.5 cc 0.5835 0.0488 0.5 0.097
1 .0 cc 0.5600 0.0235 0.5 0.047
1 *5 cc 0.5355 0.0245 0.5 0.049
2.0 cc 0.4995 0.0360 0.5 0,072
2.5 cc 0.4775 0.0220 0.5 0.044
3.0 cc 0.4635 0.0140 0.5 0,028
3.5 cc 0.4507 0.0128 0.5 0.026
4.0 cc 0.4400 0.0107 0.5 0.021
5.0 cc 0.4280 0.0120 1.0 0.012
6.0 cc 0.4225 0.0055 1.0 0,005
(P ig . 13, curve 4)
10 cc of 0.02M K2Mo(CN)g s 2.0 cc of 0.1 M FeSO,
.10,0 cc of 0.02M FeSO^
A niMber of prelim inary experiments were perfomed with 
a view to determine the composition of the fe r r ic  molybdocyanid 
complex by polarography. F i r s t ly  amperometric t it ra t io n s  
were performed between f e r r ic  ch loride  and potassium molybdo- 
cyanide by applying a p o ten tia l o f -0 ,6  v o lt  (obtained from 
the plateau of the polagram o f f e r r ic  ch loride  so lu tion  -  
0,5 cc FeCl^ 0,109M  ^ 1 cc g e la tin  0,1^ 16 cc 0.25M sodium
oxalate as the supporting e le ctro ly te ; to ta l volume made upto 
20 cc )• T itra tio n s  carried  out w ith fe r r ic  ch loride  as the 
t it r a n t  d id  not exh ib it any break in  the t it r a t io n  curve 
whereas in  the reverse t it r a t io n  (potassium molybdocyanide as 
the t it ra n t)  the varia tion s in  current were so small as to be 
of any value. However, when the complex as such was reduced 
at the dropping mercui’y e lectrode, a polarographic wave was 
obtained and i t  was concluded that the polarographic method 
could be employed fo r  determining the composition of the 
complex. Two polarograms with d iffe re n t concentrations of 
p o ta ss im  molybdocyanide ( 1 cc and 2 cc of 0,1M made upto 
20 cc) and fix e d  concentration of f e r r ic  ch loride  (0,2 cc,
0 ,109M) were taken. But since the nature of the two waves 
d iffe re d  and p re c ip ita t io n  of the complex at the drop took 
p lace , th is  procedure was not fu rth er pursued, A few resu lts  
are tabulated in  the fo llow ing ta b le i
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S e n s itiv ity  of F isher Elecdropode a 5 X
S e n s itiv ity  of m u ltiflex  galvanometer r  1:10
Table 17. Table 18.
Volume of 0.1M K4Mo(CN)g 3 1.0 cc Volume of 0.1M K^Mo(CN)g a 2.0 cc
Volume of 0*109M FeCl^ r  0,2 cc Volume of 0.109M FeCl^ r  0.2 cc
Volume of 0,1,^  g e la tin  a 1,0 cc Volume of 0.1 g e la tin - 1 .0 cc
Total Volume made up r  20 cc Total volume made up s  20 cc
/. Cone, of K^Mo(CN)g s 0.005M Cone, o f K^Mo(CN)g 3 0.01M
•
•• Cone, of FeCl^ =0.00109M . .  Cone, of PeCl^ s 0.00109M
Drop time - 3.2 sec., Drop tin^ » 3*2 sec.
Vo lt Current V o lt ([^ re n t
0.0 2.0 0.0 ^ 3.0
0.1 11.25 0.1 3.25
0.2 15.00 0.2 3.25
0.3 11.50 0.3 3.50
0.4 3.50 0.4 3.50
0.5 3.50 0.5 3.50
0.6 3.50 0.6 3.50
0.7 3.50 0.7 3.50
0.8 3.50 0.8 3.50
0.9 3.50 0.9 3.50
1.0 3.50 1.0 3.50
1.1 3.50 1.1 3.50
1 .2 3.50 1.2 3.50
1 .3 7.25 1.3 6.00
1.4 12.00 1 .4 11.25
1 .5 15.75 1.5 13.00
1.6 15.75 1.6 13.00
1.7 16.00 1.7 13.50
1 .8 l6-»00 1.8 25.00
(P ig , 14 curve 1) (F ig . 14 curve 2)
:: D-} 0-t 0-3 ‘**7 - o f  . «•<? i-o ,
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D I S C U S S I O N
Davidson ( J .  Chem. Educ, 1937, 14, 238 ) fo r the
f ir s t  tim e, drew atten tio n  to the p o ss ib ility  of the existence
. . .  . . .
of an oxidation p o ten tia l in  the reaction  between fe rr ic  
ch lo ride and potassium ferrocyan ide• According to him a redox 
equilibrixjm  sets in  during the course of the reaction  w ith the 
re su lt that the fe r r ic  ions are almost com pletely reduced to 
ferrous iron  by the ferrocyanide ions, vrhich, in  turn, are 
sim ultaneously oxidised to fe rricyan id e  ions. From the 
oxidation p o ten tia l data, he calcu lated  the value o f K fo r the
reaction : Fe^^^ t  FeCy, " 5=^ Fe^”^  + FeCy. ' to be
5 o °1*215 X 10 at 25 and thereby found support to his experimental
re su lts  on purely th eo re tica l considerations. Whether such a
redox equilibrium  ex ists in  the fe r r ic  ch loride - potassium
molybdocyanide reaction  and how fa r i t  influences the compositio:
o f the product formed can be seen from the equilibrium  constant
value fo r the reaction :
Fe t  MoCyg' Fe t  MoCyg
From the oxidation p o ten tia l data (Fe^^ e,
5 -0.76; MoCy .5=^ MoCyo~~" t  e, E® = - 0.82),
the value of K^go (f ----  « 1/10.4 comes
(Fe^^-)(Mb(CN)g
out to be too sm all to exh ib it the s lig h te st p o ss ib ility  fo r 
the reduction of fe r r ic  to ferrous and molybdo- to molybdicyanid 
ion  during the course o f the reactio n . Thus the contention 
o f some authors that both Prussian and Turnbull* s blues have
- 73 -
got one and the same ccaaposition is  not tang ib le when applied
to the reactions between fe r r ic  chloride and potassium
molybdocyanide and ferrous sijlphate and potassium molybdicyanid«
Here, unlike Iro n  b lues, the composition of the products of
the above two reactions would be quite d iffe re n t.
On applying Vosburgh Cooper*s method fo r the three
-3
mixtures (Reactants each of concentration 3.3 x 10 M mixed
in  the ra tio  MoCyg" as 3s1, 2 :1 , 1;1, 1j2 and 1:3
re sp ective ly ) g ive a maxima a t 840 mu, showing thereby the
existence o f only one complex (Table 2, P ig •2), Results of
Job*s method (ca rrie d  out in  -ttie v ic in ity  of 840 mu fo r the
wavelength region 725 to 840 mu) fo r the four d iffe ren t sets
of concentration (4  x 10 2 x 10*"^, 1.25 x 10“ and
1*0 X 10"^ M ) give a combining ra tio  of 1:1 fo r Fe^-^ to
MoCyg^  •' (F ig s ., 3| 4, 5 and 6 ), These re su lts  find  support
in  the slope ra tio  method (F ig s . 7 to 12 fo r the three
d iffe re n t sets o f experiments) where from the slope of the
stra ig h t lin e  portion of the curve, ,the same combining ra tio
(1 :1 ) is  obtained. The composition o f the complex may,
therefo re, be rejpresented by the formula KFe^^^Mo^^Cy*,o
according to the equation: FeCl^ 4 Kj^ M^oCyg s  KFeMoCyg t  3KC1*
The form ation constant was determined by the same method 
as described in  Chapter I .  For the reaction  : mA t  nB .^ =:^
\rtien m/n s i  or m ■ 1; or m a n s, 1, the formation
X
constant K a ; ....... . , ...... ^, where x is  the concentration(a  - x) (b  - x)
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of the complex, a and b are the in it ia l concentration^'df -■(
fe r r ic  ch loride and potassium molybdocyanide resp ective ly .
Taking two concentrations of and MoCyo ‘ a t the same
c5
O.D. (0.20: F ig . 15)» the value o f x from the equation
“  ®2^2 -4
X s  comes out to be 2.19 x 10 H and theU^+b^) - (aatbg)
-4
value of K as 1.37 x 10 •
The free  energy of'form ation of the complex was calcu late 
w ith  the help o f the expression s  RTln K, where
is  the standard free  energy, R the gas constant and 
T is  the absolute tem perature. The free  energy of formation 
of fe r r ic  molybdocyanide complex works out to be - 5*75 KCals 
a t 20®C,
Potentiom etric titra tio n s  carried  out a t d iffe ren t 
concentrations (0 .04, 0.03, 0.025 and 0.02M) o f potassium 
molybdicyanide w ith  ferrous sulphate (0.1M) give the combining 
ra tio  of Fe'^ '^  to HoCClDg" as 1:1 (F ig * 13), showing the 
form ation of the complex KFe^^Mo^(CN)g according to the equation 
FeSOjj^  f  K3Mo(CN)g KPe^^Mo^(CN)g t  Further th is
method besides providing inform ation regarding the ccsnposition
of the ferrous molybdicyanide complex has demonstrated the
4- 3-u t i l it y  o f a new electrode (Mo(ClI)g Mo(CN)g“‘' t  e
system at the b right platinum ) fo r investigating  the reaction
between heavy metal io n s, and potassium molybdo- and molybdi­
cyanide .
Amperometric titra tio n s  fa ile d  to give any Inform ation 
regarding complex form ation between fe r r ic  ch loride and
potassium m olyMocyanide. When potassiim  molyMocyanide is  
added to fe rr ic  ch lo ride, the ciirren t almost remains constant 
and although marked varia tio n s in  current are observed on using 
fe r r ic  ch loride as the t itra n t a break in  the titra tio n  curve 
is  not found* Lingane (Chem* Heview, 1941, 22., 1-35) used the 
polarographic method fo r determining the composition of soluble 
complex* H is method was applied in  th is  case a lso . Two 
polarograms ( Ice  K^MoCCN)^  0.1M 0«2 cc PeCl^ 0*109M f  1 cc
g e la tin  0*1 jS, to ta l volume s 20 cc) were taken (F ig . 14, 
curve 1 and 2 ). In sp ite  of the fa c t that the typ ica l polaro­
graphic waves (non revers ib le  E | - s  - 0*14; approximately 
revers ib le  a - 0,08) were obtained, the method could
not give sa tis fa c to ry  re su lts  fo r determining the composition 
o f the complex.
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C H A P T E R  I I I  
IMSOLIiBIE COMPLEXES OF C n (l and 11). H l( l l )  m  SslU l
This chapter deals v ith  some Insol'able complexes of 
potassim  molybdo- and m olybdicyanides. Those investigated 
a re : (1 ) n ick e l molybdocyanide, ( i i )  cobalt molybdocyanide said
( i i i )  the reaction  products obtained by the in teractio n  of 
C n (ii) w ith  potassium molybdocyanide and C u (i) w ith the 
m olybdicyanide• The la tte r  studies were undertaken in  order 
to  in vestig ate  the p o s s ib ility  o f the existence of redox 
p o ten tia l during the course o f the p rec ip ita tio n  of these 
complexes.
Prelim inary experiments were carried  by in teracting  
b iva len t n ick e l and cobalt sa lts  w ith  both potassium molybdo- 
and m olybdicyanides. On adding n ick e l ch loride (0.1M) to 
potassium molybdocyanide (0.05M) a green p rec ip ita te  was 
obtained. This p rec ip ita te  was found to possess co llo id a l 
properties since i t  got e a s ily  dispersed in  water to give 
a stab le so l. cobalt molybdocyanide (reddish brown p recip ita te ) 
obtained on mixing cobalt ch loride (0.1M) to the molybdocyanide 
(0*05M) also gave a co llo id a l p recip ita tes lik e  that fo r n ickel 
molybdocyanide. Unlike heavy metal fe rricyan id e , C o (ii) and 
N i( i i )  did not in te ract w ith potassium molybdicyanide.
On adding copper sulphate so lution  (0.1M) to potassium 
molybdocyanide (0.05M) a v io le t p rec ip ita te  is  obtained which 
got dispersed in  water to give a stab le so l. On keeping the 
p rec ip ita te  as such i t  seljsinto a gel a fte r about eight hours. 
Like N i( i i )  and C o (ii) in te ractio n  between copper sulphate and 
potassium molybdicyanide did not take p lace . On the other hand
the reaction  product of Cu(i) and potassium molybdicyanide was 
analogous to that of cupric molybdocyanide# Here too a v io le t  
p re c ip ita te  was obtained, possessing c o llo id a l p roperties.
The composition o f these complexes was determined by the 
physico-chem ical methods instead of employing the conventional 
method of chemical a n a ly s is . As already stated the physical , 
methods have got a ce rta in  advantages over the method of 
chemical an a lys is  in  as fa r  as that they not only provide 
precise  inform ation o f the composition o f the fre sh ly  precipitat* 
complex but are able to elim inate the errors which might creep, 
in  during the washing and drying of p re c ip ita te s  possessing 
h yd ro ly tic  and adsorptive p rop erties. This is  p a rt ic u la r ly  
true fo r  c o llo id a l p re c ip ita te s . Moreover, the c ry s ta llis a t io n  
o f c o llo id a l p re c ip ita tes  i s  quite d i f f i c u l t .  The physico­
chemical Methods used in  these in vestigations were, the 
conductometric, potentiom etric ^ d  amperometric t it r a t io n  
methods.
The conductometric t it r a t io n  method is  w ell suited fo r
acid-base, a displacement and p re c ip ita tio n  reaction s. The
/
la t te r  method has, however, got a few lim ita t io n s . I t  is  due 
to slow separation of the p re c ip ita te , with consequent super- 
saturation  o f the so lu tio n , to removal o f t it ra te d  solute by 
adsorption on the p re c ip ita te . Better re su lts  can, however, be 
achieved by working w ith  d ilu te  so lu tions in  the presence of a 
re la tis re ly  large amount of a lco h o l, the la t te r  causes a 
dim inution o f the s o lu b lity  o f the p re c ip ita te  and there is  
a lso  le ss  adsorption-
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I t  is  d if f ic u lt  to fo llow  p rec ip ita tio n  reactions by 
the potentiom etric method. The choice o f a su itab le reversib le 
electrode su iting  a p a rticu la r reaction  is  not easy* An
in d ire c t approach vas> therefo re, made* Bhattacharya and
4 -  3 «
co-workers (lo c . c it . )  used a ^ FeCy^ e
in d icato r electrode fo r studying the composition o f a number
of insolub le metal ferrocyanogen complexes* Using th is
underlying p rin c ip le , attempt was made to prepare a
4- 3-MoCyg V — MoCyg e in d icato r electrode by dipping
a b right platinum electrode in  a so lution  of potassium
molybdocyanide containing very small amount of potassium
molybdicyanide* The electrode proved to be very Hseful in
determining the composition o f copper, n ick e l and cobalt
molybdocyanides* For determining the composition of C u (i) -
m olybdicyanide, the electrode was the same as used previously
in  the t itra tio n  o f ferrous sulphate against potassium
m olybdicyanide, that is ,  b right platinum electrode dipped in
a so lu tion  of potassium molybdicyanide containing a l i t t le
molybdocyanide *
In  recent years, amperometric titra tio n s  are in  vogue
fo r determining the end point in  p rec ip ita tio n  reactions*
In  a few iso lated  cases they can be employed to determine the
composition o f soluble complexes (M alik  and Khans journal of
the polarographic so cie ty , 1959* No, 2 )* This method was
employed here w ith a view to confirm the resu lts  of conducto-
metry and potentiom etry* Valuable inform ation was obtained
w ith  both d ire c t (molybdocyanide as the t itra n t) and reverse
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(s a lt  so lu tion  as the t it r a n t ) . In  the case of the cobalt 
complex reverse titra tio n s  were not successfu l,
E X P E R I M E N T A L
So lu tions: Potassium molybdo- and molybdicyanide solutions
were prepared and standardised as described e a r lie r  (chapter
I  and I I ) .  A .R . samples of n icke l and cobalt chloride were used 
fo r preparing the so lu tion  and the metal estimated gravim etrical 
a fte r p rec ip ita tin g  as n ick e l dimethyl-glyoxime and cobalt 
ammonium phosphate re sp e ctive ly . The strength o f the stock 
solutions of n ick e l and cobalt chloride were found to be 1,369M 
and 0.19M re sp ective ly . Copper sulphate solution was prepared 
by d isso lving  6.242 g o f A .R , c rysta ls  of CuSO^.SB^O in  doubly 
d is t ille d  water and the volume made up to 250 cc. The strength 
o f the so lu tion  was determined iodom etrically by titra tin g  i t  
against sodium thiosulphate (S c o tt's  standard method of 
chemical analysis by Furman, V o l. I ,  Ed . Y , p . 368),
Copper ( i )  ch lo ride ; No copper ( i )  sa lts  soluble in  water to 
give copper ( i )  ions are known. The only known stable copper ( i  
sa lts  are e ith e r s lig h tly  soluble compounds or complex sa lts  
(Morgan and Bur s ta lls  "Inorgan ic Chemistry, A survey of Modem 
developments” p . 63, W. H effer and Sons, L td ., Cambridge, 
England, 1936). Copper ( i )  ch loride may be obtained from a 
so lu tion  containing copper ( i i )  and ch loride i<ms by using 
any of a number of reducing agents, including stannous chloride
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(Proust; Ann* Chim. phys., 1799, (1 ), 22, 26 ), m eta llic  copper 
(Groger: Z* anorg. Chem., 1901, 2g., 154; Denigesi Compt. rend,, 
1889, 108, 567) ,  sulphuroTis acid , su lphites (WteJiler: Ann,,
1864, 130. 373; Rosenfeld; B e r,, 1879, 12_, 954; Llorens: Ghem, 
Z tg ,, 1912, 898; Wardlaw and Pinkard: J ,  Chem. Soc,, 1922,
121. 210), hydrazine sulphate (Pu rg o tti: Gazz, Chim. i t a l . ,  
1906, (2 ), 2£f 559)t hydroxylamine ch loride (Lossen: B e r., 
1875, £Li. 257; Angel: J .  Chem, Soc,, 1906, S2.» 345; Pechard: 
Compt, rend ,, 1903. 136. 504), sodium d ith io n ite  (F ir th  and 
Higson; J .  Chem, So c., 1923, 123, 1515), sodium hypophosphite 
(Cavazzi; Gazz. Chim. i t a l , ,  1886, 16, I 67) ,  phosphine (ku lisch  
Ann., 1885, 231, 327) and phosphorous acid  (S ie ve rts  and Major: 
Z , anorg, Chem., 1909, 64, 2 9 ). In  the present method sodium 
su lph ite was used as the reducing agent and a so lution of 
copper ( i i )  ch loride as the source of copper ( i i )  and chloride 
ions. The reaction  may be represented as fo llow s:
2 CuClg NagSO  ^ 1 ^ 0  -- > 2 CuCl f  NagSOji^  t  2HC1,
Procedure: 10 g of copper ( i i )  ch loride CUCI2 .2H2O was
dissolved in  10 m l, of water and sodium su lph ite solution 
(7*6 g, of an hydrous sodium su lph ite , Na2S0^, in  50 m l, o f 
water)was added in  i t  slow ly and w ith s tirr in g  a t room 
temperature. The copper ( i i )  ch loride so lu tion  f ir s t  h eeam e  
very dark brown, and then white copper ( i )  ch loride slow ly 
separated. A fte r a l l  the sodium su lph ite so lu tion  had been 
added and the mixture s tirre d  thoroughly, the copper ( i )  
ch loride se ttled  re ad ily  and the supernatant liq u id  turned 
fa in t ly  green. The p rec ip ita te  and supernatant liq u id  were
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then poured In to  about a l i t e r  o f water to which 1,0 gm. of 
sodium su lph ite and 2ml, o f concentrated hydrochloric acid had 
been added. The mixture was s tirre d  w e ll and allowed to stand 
u n til a l l  the copper ( i )  ch loride had se ttle d . The supernatant 
liq u id  was ca re fu lly  decsuited and the p recip ita te  was quickly 
washed on to a suction f i lt e r  w ith d ilu te  sulphurous acid 
so lu tion . The washing was carried  out in  such a way that a 
la ye r of liq u id  covered the s a lt in  the funnel a t the tim es.
The copper ( i )  ch loride was then washed four or fiv e  
times w ith  20 to 25ml, 6f g la c ia l ace tic  a c id . During th is 
washing process the suction was adjusted so that the wash 
liq u id  was then sucked through rather slow ly. When only a 
th in  film  of liq u id  covered the so lid , the next portion of 
g la c ia l a ce tic  acid was added. The w alls of the funnel were 
washed each time w ith  the washing liq u id . The washing w ith 
g la c ia l a ce tic  acid  was followed by three 30ml, washings w ith 
absolute alcohol and sis; 15**ml, washings w ith anhydrous ether 
in  exactly the same way. A fte r the la s t portion of ether had 
been removed fa ir ly  com pletely by applying suction, the white 
so lid  (w ith  f i lt e r  paper removed) was transferred  quickly to 
a previous dried watch glass and placed in  an oven (75 to 100®) 
fo r 20 to 25 minutes \rfaich was then preserved in  an a irtig h t 
b o ttle ,
Cuprous ch loride so lu tion  was prepared by d isso lving 
the s a lt in  1M KCl so lu tion  (a c id ifie d  w ith  a l i t t le  hydro­
ch lo ric  a c id ). The so lu tion  was kept under a laye r o f paraffiE 
to  avoid oxidation. The strength o f the so lu tion  was
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determined Ijy t itra tin g  against standard ammoniion thiocyanate, 
using fe r r ic  alum (M alik  and Co^workers: Z* anorg, Chem., 1959, 
299« 322) as the iM ic a to r and was found to be 0,046M.
Ammonium thiocyanate so lu tion  was prepared and 
standardised against s ilv e m itra te  so lution  o f known strength 
(A rthur I .  Vogel: Q uantitative Inorganic an a lys is, Ed, I I ,  
p* 257)* The t itra t io n  was carried  out as fo llow s: 20 m l. of 
the standard 0,11? s ilv e r  n itra te  was pipetted in to  a 250 - ml* 
con ical fla s k , and 4 m l. o f 6N -nitricacid  and 1 m l. of the 
fe r r ic  in d ica to r Mfas added to i t .  Potassium thiocyanate 
so lu tion  was then added from the burette, which produced white 
p rec ip ita te  rendering the liq u id  of a m ilky appearance. 
Addition o f potassium thiocyanate so lution was continued t i l l  
one drop of the so lu tion  produced fa in t hrown colour which no 
longer disappeared on shaking. The strength of the solution 
was found to be 0.104N. S ilv e r  n itra te  so lu tion  was prepared 
by d isso lving  the A JR . c rys ta ls  in  water and it s  strength 
determined by titra tin g  i t  w ith  standard sodium chloride 
so lution  using potassium chromate as the in d icato r (Arthur
I .  Vogel:” Q uantitative Inorganic analysis?*, Ed . I I ,  p . 251).
n m u m
Conductometric titra tio n s  of copper sulphate, n ickel
ch loride and cobalt ch loride against potassium molybdocyanide
were carried  out at four d if fe r ^ t  concentrations v iz ., 
t  ^ ""*3 **3
7.5 X 10 M, 1.25 X 10"*^ M, 2.0 x 10 M and 2.5 x 10 M.
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Set 1 0 %  alcohol Set I I  10 % alcohol




Set I I I  20 % alcohol




0.5 cc 1 .535 X 10“ ^ 0.5 cc 1 .422 X 10"^ 0.5 cc 1.205 X 1o"^
0.6 cc 1.570 H 0.6 CC 1.472 It 0.6 cc 1.258 II
0.7 cc 1.805 II 0.7 CC 1.620 ti 0.7 cc 1.362 n
0.8 CO 1.955 n 0.3 CC 1.760 It 0.8 cc 1.470 II
1 .0 cc 2.256 II 1 .0 cc 2.090 II 1 .0 cc 1.675 It
1 .2 cc 2.630 n 1 .2 cc ' 2.320 II 1.2 cc 1.860 II
1 .4 cc 2.890 It 1.4 cc 2.570 II 1 .4 cc 2.05 It
1.6 cc 3.260 n 1.6 cc 2.860 II 1 .6 cc 2.23 It
Curve (1 ) Curve (2 ) Curve (3 )
P ig . 1
40 cc of 7.5 X 10"^ M K^Mo(CN)g
-4
Curve (1 ) » 0*54 cc of 0.1M CuSOj^  • 72.0 cc of 7.5x10 MCuS
•»4Curve (2 ) a, 0,54 cc of 0.1M CtjSO  ^ 72.0 cc o f 7*5 x 10 ' M CuS
-4Curve (3 ) s 0,54 cc of 0.1M CaSOj^  » 72.0 cc of 7*5 x 10 M Ct^
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Table 2 .
Volume of Kj|^ Mo(CN)g so lu tion  
Concentration o f K^Mo(Clf)g 
Strength o f copper sulphate so lution
s  ^0 cc
s 1.25 X 10"^ M 
s 0.1M
Set 1 0 %  alcohol Set I I  10 % alcohol








Set I I I  20 % alcohol




0.0 cc 2.63 X 10-3 0.0 cc 2.11 X 10"^ 0.0 cc 1.68 X 10"
0.1 cc 2.59 n 0.1 cc 2.11 II 0.1 cc 1.69 It
0.2 cc 2.57 n 0.2 cc 2.12 It 0.2 cc 1.70 tt
0.4 cc 2.53 II 0.4 cc 2.14 It 0.4 cc 1.72 a
0.6 cc 2.52 H 0.6 cc 2.18 It 0.6 cc 1.75 It
0.8 cc 2.55 It 0.8 cc 2.22 It 0.8 cc 1.79 It
0.9 cc 2.58 ti 0.9 cc 2.24 H 0.9 cc 1.81 It
1.0 cc 2.70 It n o cc 2.32 It 1.0 cc 1 .902 n
1 .1 cc 2.90 n U 1 cc 2.45 n 1.1 cc 2.000 It
1.2 cc 3.08 ft 1.2 cc 2.58 It 1.2 cc 2.100 1
1.4 cc 3.38 It 1.4 cc 2.84 It 1.4 cc 2.260 It
1.6 cc 3.73 n 1.6 cc 3.14 It 1.6 cc 2.430 H
1.8 cc 4.02 ti U 8 cc 3.38 It 1.8 cc 2.600 It
2.0 cc 4.30 It 2.0 cc 3.60 It 2.0 cc 2.760 It
Curve ( 1 ) Curve (2 ) Curve (3 )
P ig . 2.
40 cc o f 1.25 X 10 -'M K^Mo(CN)g
Curve (1 ) 0.90 cc o f 0.1M CuSO  ^ r  72.0 cc of 1.25 x 10r3 M CuSO,
rXCurve (2 ) a 0.92 cc of 0.1M CuSO/^  s  73.6 cc of 1 .25 x 10 -’M CuSO^
Curve (3 ) s  Q.90 cc of 0.1M CuSO/^  ^ s, 72.0 cc of 1.25 x 10 M CuSO^ ^
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Table 3.
Volijme of K,Mo(CN)o so lution 4 o
Concentration of K^Mo(CN)g
7 40 cc 
= 2,0 X 10’ M^
Strength of copper sulphate so lu tion  z 0,1M
Set I  0 ^ alcohol Set I I  10 ^ alcohol Set I I I  20^ alcoho








Vo l. of Corrected
CuSO, Conductanc
0.0 cc 3.87 X 10"^ 0.0 cc 3.32 X 10“ ^ 0.0 cc 2.54 X 10-3
0.1 cc 3.84 ft 0.1 cc 3.33 It 0.1 cc 2.54 It
0.2 cc 3.81 It 0.2 cc 3.33 ti 0.2 cc 2.54 It
0.4 cc 3.80 ti 0.4 cc 3.36 tt 0.4 cc 2.56 It
0.6 cc 3.83 ti ' 0.6 cc 3.40 n 0,6 cc 2.60 It
0.8 cc 3.84 II 0.8 cc 3,42 It 0.8 cc 2.65 It
1.0 cc 3.87 It 1.0 cc 3.47 II 1.0 cc 2.70 n
1 .2 cc a . 90 II 1.2 cc 3.50 tt 1 .2 cc 2.74 II
1.4 cc 3.92 It 1.4 cc 3.54 It 1.4 cc 2.78 It
1 .5 cc 3.98 It 1.5 cc 3.59 It 1.5 cc 2.85 It
1.6 cc 4.08 II 1.6 cc 3.70 II 1.6 cc 2.94 It
1.8 cc 4.32 It 1.8 cc 3.91 It 1.8 cc 3.14 II
2.0 cc 4.58 It 2.0 cc 4.20 tt 2.0 cc 3.33 (I
2.2 cc 4.88 II 2.2 cc 4.39 It 2.2 cc 3.49 II
2.4 cc 5.10 It 2.4 cc 4.57 tt 2.4 cc 3.64 It
2.6 cc 5.33 It 2.6 cc 4.80 tt 2.6 cc 3.80 ti
Curve (1 ) Ctiurve (2 ) Curve (3 )
F ig . 3.
40 cc of 2.0 X 1 0 "%  K^Mo(CN)g
-^3,Curve (1) s 1.48 cc of 0.1M CuSO^ j, = ?4.0 cc of 2.0  x 10 M CuSO^ j^
Curve (2) -  1.48 cc of 0.1M CuSO/^  s  74.0 cc of 2.0  x 10“ % CuSO/^
Curve (3 ) = 1.44 cc of 0.1 M CUSO4 - 72.0 cc of 2.0  x 10"% CUSO4
- 87
Table 4,
Volume o f K^Mo(CIf)g so lu tion  
Concentration of Kj|j^ Mo(CIl)g 
Strength o f copper sulphate so lution
r  40 cc 
3 2.5 X 10“ \  
r  0.1M
Set 1 0 ^  alcohol




Set I I  10 ^ alcohol 
4




Set I I  20 % alcohc
(
4




0.0 cc 4.60 X 10“ ^ 0.0 cc 4.17 X 10“ ^ 0.0 cc 3.37 X 10- '
0.1 cc 4.55 0.1 cc 4.17 1 0.1 cc 3.37 If
0.3 cc 4.52 II 0.3 cc 4.17 It 0.3 cc 3.38 It
0.5 cc 4.52 0.5 cc 4.20 n 0.5 cc
0.7 cc 4.53 II 0.7 cc 4.22 n 0.7 cc 3.43 It
0.9 cc 4.57 It 0.9 cc 4.27 It 0.9 cc 3.49 It
1 . 1 cc 4.58 II 1 . 1 cc 4.31 It 1 . 1 cc 3.52 It
1 .3 cc 4.60 II 1.3 cc 4.34 It 1.3 cc 3.59 It
1.5 cc 4.62 II 1.5 cc 4.39 It 1.5 cc 3 . 6 1 It
1 .7 cc 4.64 II 1.7 cc 4.42 It 1.7 cc 3.68 II
1.9 cc 4.75 II 1.9 cc 4.50 It 1.9 cc 3.78 It
2.0 cc 4.89 II 2.0 cc 4.63 It 2.0 cc 3.90 It
2 . 1 cc 4.99 II 2 . 1 cc 4.75 It 2 . 1 cc 3.99 It
2 . 2 cc 5 . 1 2 II 2 . 2 cc 4.90 It 2 . 2 cc 4.10 It
2.4 cc 5.37 2.4 cc 5 . 1 0 It 2.4 cc 4.26 It
2.6 cc 5 . 6 0 II 2 . 6 cc 5.32 It 2 . 6 cc 4.41 It
2 . 8 cc 5.86 II 2 . 8 cc 5.51 It 2 . 8 cc 4.58 It
3.0 cc 6.07 It 3.0 cc 5.70 tt 3.0 cc 4.71 It
Curve (1 ) Curve ( 2 ) Curve (3 )
P ig . 4.
40 cc o f 2.5 X lO'^ M K^Mo(CN)g
Curve (1 ) r  1.8 cc o f 0.1M CUSO4 :r 72 cc o f 2.5 x 10"-"M CuSO^
Curve (2 ) - 1.8 cc of 0.1M CuSO/^  r  72 cc o f 2.5 x 10-^ CuSO^
Curve (3 ) r  1.8 cc of 0.1M CuSO^  ^ a ?2 cc o f 2.5 x 1 0 "\  CuSO^
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Reverse titra tio n s  ; Cu30»^  In  the c e ll
Table 5•
Volume of copper sulphate so lution  
Concentration of copper sulphate 
Strength of K^Mo(CN)g so lu tion
s 40 cc 
= 7.5 X 10" 
r  0.05M
Set I  0 ^ alcohol Set I I  10 ^ alcohol Set I I I  20 % alcoho
V o l.o f Corrected Vo l. of Corrected Vo l. of Corrected
K2^ Mo(CN)g Conductance K^Mo(CN)g Conductance K/j_Mo(CN)g Conductance
0.0 cc 0.705 X  10 ^ 0.0 cc .605 X  10 ^ 0.0 cc .462 X io "
0.1 cc 0.752 » 0.1 cc .660 " 0.1 cc .511 II
0.2 cc 0.820 »• 0.2 cc .730 » 0.2 cc .570 tt
0.3 cc 0.873 " 0.3 cc .784 « 0.3 cc .643 tt
0.4 cc 1.170 " 0.4 cc .996 0.4 cc .766 It
0.5 cc 1 .382 '• 0.5 cc 1.180 " 0.5 cc .920 II
0.6 cc 1.650 « 0.6 cc 1 .380 «• 0.6 cc 1.062 tt
0.7 cc 1.855 0.7 cc 1.545 0.7 cc 1.240 tt
0.8 cc 2,070 *• 0.8 cc 1.770 " 0.8 cc 1.365 II
0.9 cc 2.350 w 0.9 cc 1 .934 « 0.9 cc 1.520 II
1.0 cc 2.540 « 1 .0 cc 2.150 ** 1.0 cc 1.660 It
Curve (1 ) Curve (2 ) Curve (3 )
F ig . 5. 
-4.
Curve (1 ) 
Curve (2 ) 
Curve (3 )
40 cc o f 7*5 X 10 M copper sulphate
- 0.3 cc of 0.05M K^ MoCCNg r  20 cc of 7.5 x 10"^ M K^Mo(CN)g
= 0.3 cc of 0.05M K4Mo(CN)g= 20 cc of 7.5 x 10“ M^ K/j.Mo(CN)g
r  0,3 cc of 0.05M K4Mo(CN)g= 20 cc of 7.5 x 10“ M^ K4Mo(CN)g
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Table 6.
Volume o f copper sulphate so lution
Concentration of copper sulphate
Strength of K.MoCCIOq so lu tion   ^ o
r  40 cc
= 1 .25 X 10~^ M 
r  0.05M
Set 1 0 ^  alcohol
V o l. of Conrected 
K^Mo(CN)g Conductance
Set I I  10 ^ alcohol Set I I I  20 fo alcoho3
V o l. o f Corrected V o l. of Corrected 
K2^ Mo(CN)g Conductance K^ M^oCCN)^  Conductanc«
0.0 cc 1.105 X 10~^ 0.0 cc 0.878 X 10"^ 0.0 cc .711 X , 0-3
0.1 cc 1.170 II 0.1 cc 0.970 H 0.1 cc .760 M
0.2 cc 1.221 It 0.2 cc 1.020 II 0.2 cc .831 II
0.3 cc 1.280 II 0.3 cc 1 .072 II 0.3 cc .890 II
0.4 cc 1.338 n 0.4 cc 1.130 M 0.4 cc .950 It
0.5 cc 1.415 It 0.5 cc 1 .200 It 0.5 cc 1 .008 II
0.6 cc 1.555 ti 0.6 cc 1.342 II 0.6 cc 1.180 II
0.7 cc 1.760 It 0.7 cc 1.580 II 0.7 cc 1 .300 It
0.8 cc 2.050 It 0.8 cc 1.770 II 0.8 cc 1.460 It
0.9 cc 2.260 II 0.9 cc 1.935 It 0.9 cc 1 .640 It
1 . 0 cc 2.460 II 1 . 0 cc 2 .150 It 1 . 0 cc 1 .760 It
Curve (1 ) Curve (2 ) Curve (3 )
F ig . 6.
“ B;40 cc o f 1,25 X 10 M copper sulphate
,-3.Curve (1 ) r  0.54 cc o f 0.05M K^Mo(CN)g a 21.6 cc of 1.25 x 10 M^K^ Mol
Curve (2)= 0.54cc of 0,05M K2^ Mo(CN)g s 21 .6cc of 1*25 x 1 O'^ MK^ MoCCN:
Curve (3 )r  0.50cc of 0.05M K4Mo(CN5:3 r  20 cc of 1,25 x 10" K/^ M^oCCN:
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Table ?•
Vol'ome of copper sulphate so lution 
Concentration of copper sulphate 
Strength of K^Mo(GN)g so lu tion
Set I  0 ^ alcohol Set I I  10 ^ alcohol Set I I I  20 % alcohol
Vol of Corrected Vo l. of Corrected V o l. o f Corrected
K^Mo(CN)g Conductance K^ ^MoCcaJ)^  Conductance K^Mo(CN)g Conductanc
r  40 cc 
r  2.0 X 10"^ M 
a 0.05M
0.0 cc 1.75 X  10‘ ^ 0.0 cc 1 .392 X 10- ' 0.0 cc 1.11 X 10-^
0.1 cc 1.802 n 0.1 cc 1.450 II 0.1 cc 1.162 II
0.2 cc 1 .862 It 0.2 cc 1.522 II 0.2 cc 1 .222 It
0.4 cc 2 ,t)20 II 0.4 cc 1.655 n 0.4 cc 1.364 II
0.6 cc 2.150 II 0.6 cc 1.810 II 0.6 cc 1.500 II
0.7 cc 2.220 II 0.7 cc 1.870 II 0.7 cc 1.570 II
0.8 cc 2.320 0.8 cc 1.950 II 0.8 cc 1.660 n
0.9 cc 2.430 (1 0.9 cc 2.070 II 0.9 cc 1.760 II
1 .0 cc 2.640- II 1.0 cc 2.250 II 1.0 cc 1.88 II
1 . 2 cc 3.140 II 1 . 2 cc 2.620 ti 1 . 2 cc 2.25 It
1.4 cc 3.520 n 1.4 cc 2.920 II 1.4 cc 2.59 II
1 .6 cc 4.000 II 1.6 cc 3.300 11 1.6 cc 2.86 II
Curve (1 ) Curve ( 2 ) Curve (3 )
F ig . 7
-340 cc o f 2,0  X 10 M copper sulphate
Curve (1 )r  0.84 cc o f 0.05M K^MoCCN) = 21 cc of 2.0 x 10 \  K.MoCC
Curve (2 )-  0.84 cc o f 0.05M K4Mo(CK)g s 21 cc of 2.0 x 10 M K4Mo(C
Curve (3 )a  0.80 cc of 0.05M K^MoCCN)^  = 20 cc of 2.0 x lO'^ M K4Mo(C
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Table 8»
Volume of copper sulphate so lution 
Concentration of copper sulphate 
Strength o f Kji^ Mo(CN)g so lution
Set I  0 ^ alcohol Set I I  10 ^ alcohol
V o l. of Corrected V o l. of Corrected 
Kjj^ Mo(CN)g Conductance K^Mo(CK)g Conductance
r  40 cc
» 2.5 X 1 0 "\
a 0*05M
Set I I I  20 % alcohol 




-3 -3 -30.0 cc 2.14 X 10 ^ 0.0 cc 1.78 X 10 ^ 0.0 cc 1.37 X 10 ^
0.1 cc 2.22 n 0.1 cc 1.84 It 0.1 cc 1 .42 II
0.2 cc 2.28 II 0.2 cc 1.925 It 0.2 cc 1.485 II
0.4 cc 2.41 ti 0.4 cc 2.01 II 0.4 cc 1.620 ti
0.6 cc 2.58 II 0.6 cc 2.21 II 0.6 cc 1 .760 II
0.8 cc 2.73 11 0.8 cc 2.38 n 0.8 cc 1.918 It
0.9 cc 2.80 It 0.9 cc 2.46 It 0.9 cc 2.000 II
1 .0 cc 2.88 ti 1 .0 cc 2.54 tt 1 .0 cc 2.120 II
1 .1 cc 2.96 II 1 .1 cc 2.69 It 1 .1 cc 2.220 It
1 .2 cc 3.16 II 1.2 cc 2.86 II 1 .2 cc 2.35 II
1 .4 cc 3.65 II 1 *4 cc 3.20 It 1 *4 cc 2.650 n
1.6 cc 4.04 It 1.6 cc 3.60 It 1.6 cc 3.000 It
1 .8 cc 4.47 It 1.8 cc 3.98 n 1.8 cc 3.30 II
2 .0 cc 4.82 It 2.0 cc 4.30 (t 2.0 cc 3.55 II
Curve (1 ) (Curve (2) Curve (3 )
P ig . 8. 
.-3,40 cc o f 2,5 X 10 M copper sulphate 
Curve (1)= 1.10CC of 0.05M Kj^ Mo(CN)g = 22 cc o f 2.5 x 1 0 "\  K^MoCCN)^
Curve (2 )s 1.0 cc o f 0.05M K4Mo(CN)g * 20 cc of 2.5 x 10~^ M K^Mo(CN)g
Curve (3 )s  1.0 cc of 0.05M K4Mo(CN)g 20 cc of 2.5 x 10"^ M Kj^ Mo(CN)g
. o ' o l  0 0  C-4 0-5' 6 4 0*7 ^
i i - u .' ■ *^3
1.38?; Vdtuwie c|^  k.4 ^^ {>(^ c^ (^uA.C£^
F{<Si. G. ;
■» o:a a5 0.^ ‘3-5' Q*^ o-i q.^ 0-9
Volw^ *^^  oj. M  H  0(5^ 4)^(U cc) 2 ;





a r" o-^ i 0-4 O S W 1-2^ \'A (-6 i-8 ; 2*qr
- : :fet4 M o
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Readings fo r  the d ire c t  t it ra t io n s ;  K^ Mo(CN)^  in  the c e l l .
Table 9 . 
Volume of K2^ Mo(CN)g so lu tio n  
Concentration of Kjfj^ Mo(CN)g 
Strength o f n ick e l ch lo rid e  so lution
- 40 cc 
s 7.5 X 10“ M^ 
= 0.1M
Set 1 0 ^  alcohol Set II 10  ^ a lcohol Set III  20 % alcohol
V o l. o f Corrected  









0.0 cc 1.64 X 10“ 0.0 cc 1.32 X: 10  ^ 0.0 cc 0.995 X 10“^
0.1 cc 1 .548 " 0.1 cc 1 .26 ” 0.1 cc 0,960 It
0.2 cc 1.470 ” 0.2 cc 1 .225 " 0.2 cc 0,940 H
0,4 cc 1.510 « 0.4 cc 1.235 " 0.4 cc 0,970 M
0,5 cc 1.590 " 0.5 cc 1.300 0,5 cc 1 ,020 f l
0,6 cc 1.705 " 0.6 cc 1.385 " 0,6 cc 1.125 1
0,7 cc 1 .880 « 0.7 cc 1,520 '» 0,7 cc 1 .250 n
G.8 cc 2.05 " 0.8 cc 1.670 " 0,8 cc 1.380 ft
1.0 cc 2.43 « 1.0 cc 1.980 1.0 cc 1.660 II
1 .2 cc 2.81 *' 1.2 cc 2.320 « 1.2 cc 1.910 II
1.4 cc 3.18 ” 1.4 cc 2.620 " 1.4 cc 2.180 II
1.6 cc 3.58 « 1.6 cc 2.940 « 1.6 cc 2 .480 II
Curve (1) Curve (2) Curve (3)
F ig .  9 .
40 cc o f 7.5 X 10“ M^ K4Mo(CN)g
Curve (1)3(1) 0,3 cc of 0.1M NiClg = 40 cc o f 7.5 x 10"^M NiCl^
( i i )  0.6 cc o f 0.1M N iC l2 = 80 cc of 7-5 x 10“^  NiClg
Curve (2)=(i) 0.3 cc of 0.1M NiClg = 40 cc of 7.5 x lO 'S l NiClg
( i i )  0,6  cc of 0.1M N iC l2 s 80 cc of 7.5 x lO 'S l NiCl^
Curve (3)=(i) 0.3 cc of 0.1M NiClg = 0^ cc of 7.5 x 10"^  H iC l2
( i i )  0.6 cc of 0.1M NiClg » 80 cc of 7.5 x 10“ ^  NiClg
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Table 10,
Volume o f K^Mo(CN)g so lu tio n  
Concentration of K^Mo(CN)g 
Strength  of n ic k e l ch lo rid e  so lu tio n
r  40 cc
= 1.25 X 10“ ^M
= 0.1M
Se t I 0 ^ a lco ho l Se t II  10 ^ a lcoho l Se t III  20 % alcoho l
V o l.  o f Corrected V o l. o f Corrected V o l. o f
N iC l2 Conductance N iC l2 Conductance NiCl^
Corrected
Conductance
0.0 cc 2.64 X 10“ ^ 0.0 cc 2.25 X  10“ ^ 0.0 cc 1.95 X 10“ ^
0.1 cc 2.55 It 0.1 cc 2.18 " 0.1 cc 1.90 II
0.2 cc 2.46 II 0.2 cc 2.13 " 0.2 cc 1.87 It
0.4 cc 2.39 It 0.4 cc 2.09 " 0.4 cc 1.86 It
0.6 cc 2.40 II 0.6 cc 2.12 »' 0.6 cc 1.89 n
0.8 cc 2.415 II 0.3 cc 2.19 ” 0.8 cc 1.955 It
0.9 cc 2.550 1 0.9 cc 2.26  « 0.9 cc 2.020 It
1 .0 cc 2.650 t i 1.0 cc 2.37 " 1.0 cc 2.15 It
1.1 cc 2.800 II 1.1 cc 2.52 »' 1.1 cc 2.28 It
1.2 cc 2.940 ri • 1.2 cc 2.77  " 1.2 cc 2.42 II
1.4 cc 3.31 ti 1.4 cc 3.10 " 1.4 cc 2.72 It
1.6 cc 3.70 II 1.6 cc 3.42 « 1.6 cc 3.00 >1
1.8 cc 4.05 1 1.8 cc 3 .80 U 8 cc 3.30 II
2.0 cc 4.41 II 2.0 cc 4.12 " 2.0 cc 3.60 It
Curve (1 ) Curve (2 ) Curve (3)
F ig .  10
40 cc o f 1 .25 X 10“ ^M K^Mo(CN)g
Curve ( 1 ) s ( i )  0.4 cc of 0.1M N iC la = 32 cc of 1.25 x 10“ ^M NiClg
( i i )  0.96cc o f 0.1M K iC l2 *  76.8 cc o f 1.25 x 10"3 M G I2
Curve q.4 cc of 0.1M N iC l2 s 32 cc of 1.25 x 10“%  NiCl^
( i i )  0.90CC of 0.1M N iC l2 a 72 cc o f 1.25 x 10“ %  NiClg
Curve (3)= 0.90 cc o f 0.1M N iC l2 a 72 cc of 1.25 x 1 0 "%  NiCI^
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Table 11 • 
Volume o f K^Mo(CH‘)g so lution 
Concentration of K^Mo(CN)g 
Strength of n icke l chloride solution
r  40 cc
s 2,0 X 10~^M
- 0>1M
Set I  0 ^ alcohol Set I I  10 ^ alcohol Set I I I  20 $ alcohol
Vo l. of Corrected Vo l. of Corrected
N iC l2 Conductance WiGl2 Conductance NiCl2
Corrected
Conductance
0.0 cc 0.41 X 10-2 0.0 cc 0.343 X 10“ ^ 0.0 cc 2.95 X 10“^••
0.1 cc 0.402 If 0.1 cc 0.339 II 0.1 cc 2.93 11
0.2 cc 0.396 It 0.2 cc 0.332 ft 0.2 cc 2.90 ft
0.4 cc 0.383 t i 0.4 cc 0.328 It 0.4 cc 2.90 ft
0.6 cc 0.380 It 0.6 cc 0.328 It 0*6 cc 2.92 tt
0.8 cc 0.381 H 0.8 cc 0.330 n 0.8 cc 2.95 It
1 .0 cc 0.383 II 1 .0 cc 0.332 tt 1.0 cc 2.99 U
1 .2 cc 0.393 It 1 .2 cc 0.340 tt 1.2 cc 0.304 X 10 ^
1 .4 cc 0.408 II 1.4 cc 0.350 It 1.4 cc 0.312 It
1.5 cc 0.420 It 1.5 cc 0.361 » 1.5 cc 0.320 II
1.6 cc 0.434 II 1.6 cc 0.328 It 1.6 cc 0.330 It
1.8 cc 0.466 «l 1.8 cc 0.408 tt 1.8 cc 0.360 II
2.0 cc 0.500 It 2.0 cc 0.437 It 2.0 cc 0.390 tt
2.2 cc 0.540 n 2.2 cc 0.470 It 2.2 cc 0.421 It
2.4 cc 0.577 tt 2.4 cc 0.510 It 2.4 cc 0.450 It
2.6 cc 0.610 It 2.6 cc 0.544 tt 2.6 cc 0.480 I)
Curve (1) Curve (2) Durve (3)
P ig , 11
40 cc of 2.0 X 10“ Kj|^ Mo(CH)g
Curve (1 )3 (i)0 .6  cc of 0.1M M C I2 = 30 cc of 2,0 x 10 NiCl^
( i i )1 .4  cc of 0.1M N iCl2 « 70 cc o f 2.0 e 10“ %  NiCl^
Curve (2 )= (i)0 .4  cc of 0.1M NiClg s 20 cc of 2.0 x 10“ %  NiCl^
( i i ) 1 .4 cc of 0.1M NiClg * 70 cc o f 2.0 x 10"%  MClg
Curve (3 ) 1.4 cc of 0.1M N iCl2 a 70 cc o f 2.0 x 10~% ^^^^ 2
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Table 12.
Volume of K^Mo(CN)g solution 
Concentration of K^^ Mo(CN)g 
Strength of n icke l chloride solution
s 40 cc
2.5 X 10"^ M
= 0.1M
Set I  0 ^ alcohol Set I I  10 ^ alcohol Set I I I  20 % alcohol
V o l. of 
NiCl«
Corrected Vo l. of 
Conductance NiClg




0.0 cc .485 X 10^ 0.0 cc 0.410 X 10-2 0.0 cc 0.330 X 10“ ^
0.1 cc .479 " 0.1 cc 0.404 II 0.1 cc 0.328 It
0.3 cc .468 " 0.3 cc 0.398 II 0.3 cc 0.318 It
0.5 cc .460 « 0.5 cc 0.393 It 0.5 cc 0.319 It
0.7 cc .458 " 0.7 cc 0.392 II 0.7 cc 0.327 II
0.9 cc .460 ” 0.9 cc 0.400 II 0.9 cc 0.330 It
1 .1 cc .464 *' 1.1 cc 0.400 It 1.1 cc 0.334 It
U3 cc .470 " 1.3 cc 0.404 It 1.3 cc 0.340 II
1.5 cc .478 •' 1.5 cc 0.412 It 1.5 cc 0.346 II
1.7 cc .487 '• 1.7 cc 0.422 II 1.7 cc 0.352 II
1.9 cc .502 «’ 1.9 cc 0.448 II 1.9 cc 0.370 n
2.0 cc .510 2.0 cc 0.460 II 2.0 cc 0.380 It
2.1 cc .527 " 2.1 cc 0.476 II 2.1 cc 0.392 It
2.2 cc .542 '« 2.2 cc 0.490 II 2.2 cc 0.408 II
2.4 cc .573 " 2.4 cc 0.520 II 2.4 cc 0.432 ti
2.6 cc .605 " 2.6 cc 0.550 M 2.6 cc 0.460 It
2.8 cc .640 « 2.8 cc 0.582 II 2.8 cc 0.485 It
3.0 cc .670 « 3.0 cc 0.612 II 3.0 cc 0.512 It
Curve ( 1 ) Curve (2) Curve (3)
F ig . 12
40 cc of 2.5 X 10‘ M^ K^Mo(CN)g
Curve (1 )s ( i )  0.76 cc o f 0.1M N iC l2  * 30.4 cc of 2.5 x 10 NiCl^
( i i )  1.84 cc o f 0.1M N iC l2  = 73.2 cc of 2.5 x 10"^M NiClg
Curve (2 )- C i) 0.68 cc o f 0.1M NiClg s 27.2 cc o f 2.5 x 10“% NiClg
( i i )  1.80 cc o f 0.1M N iC l2  * 72 cc o f 2.5 x 10"% NiCl^
Curve (3 )= (i) 0.50 cc o f 0.1M NiClg = 27.2 cc of 2.5 x 10“% NiClg
( i i )  1 .80 cc o f 0.1M NiCl^ = 72 cc o f 2.5 x 10“ % NiCl2
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Reverse t itra tio n s ; n icke l chloride in  the c e l l .
Table 13.
Vol'ume of n icke l chloride solution 
Concentration of n ickel chloride 
Strength of K2^ Mo(CN)g solution
Set I 0 ^ alcohol Set II 10 ^ alcohol Set III  20 % alcohol
V o l. of Corrected Vo l. o f Corrected Vol. of Corrected
K2^ Mo(CN)g Conductance Kj|^ Mo(CN)g Conductance K/^Mo(CN)g Conductanc(
= 40 cc
= 7.5 X 10 "^
r  0.05M
0,0 cc 0.721 X 10“*^ 0.0 cc 0.505 X  10 ^ 0.0 cc .439 X 10"
0.1 cc 0.775 It 0.1 cc 0.560 « 0.1 cc .474 II
0.2 cc 0.849 It 0.2 cc 0.610 « 0.2 cc .525 II
0.3 cc 0.966 It 0.3 cc 0.700 " 0.3 cc .570 It
0.4 cc 1.070 n 0.4 cc 0.786 " 0.4 cc .649 It
0.5 cc 1.255 II 0.5 cc 0.995 0.5 cc .822 n
0.6 cc 1.410 1 0.6 cc 1.140 0.6 cc .962 It
0.7 cc 1.650 ti 0.7 cc 1.372 0.7 cc 1.185 It
0.8 cc 1.890 t i 0.8 cc 1 .550 0.8 cc 1.270 It
0.9 cc 2.100 It 0.9 cc 1 .705 0.9 cc 1.390 It
1.0 cc 2.350 H 1.0 cc 1.960 » 1.0 cc 1.560 It
Curve (1) Curve (2) Curve (3)
F ig . 13
"h-40 cc of 7.5 X 10 M n icke l chloride
Curve (1)= 0.4 cc of 0.05M K^MoCClDg
Curve (2)= 0.4 cc of 0.05M K/^ MoCClOg
Curve (3 )r  0.32cc of 0.05M K4Mo(CN)g
.-4,26.6 cc of 7.5 X 10“  My^ MoCCN:
26.6 cc of 7.5 X 10“ M^K/^ Mo(CN;
21.4 cc o f 7.5 X IO'^ MK^MoCCN;
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Table 14.
r  1 .25 X 10“ M^
Volume o f n ick e l ch loride  so lution  r  40 cc
Concentration o f n ick e l ch loride  
Strength o f K^Mo(CN)g a 0.05M
Set I 0  ^ a lcohol Set II 10  ^ a lcohol Set III  20 % alcohol
V o l. o f Corrected V o l. o f Corrected V o l. o f Corrected
K2^ Mo(CN)q Conductance K^Mo(CN)g Conductance K2j_Mo(CN)g Conductance
0.0 cc 0.930 X  10“ ^ 0.0 cc 0.770 X i o ” ^ 0.0 cc 0.662 ,x 10"^
0.1 cc 0.990 " 0.1 cc 0.885 II 0.1 cc 0.690 »'
0.2 cc 1.110 " 0.2 cc 0.920 II 0.2 cc 0.746 '•
0.3 cc 1.180 " 0.3 cc 0.975 II 0.3 cc 0.790 "
0.4 cc 1 .250 '» 0.4 cc O.P40 It 0.4 cc 0.840 '»
0.5 cc 1.381 “ 0.5 cc 1.130 ft 0.5 cc 0.895
0.6 cc 1 .530 « 0.6 cc 1.222 It 0.6 cc 0.990 "
0.7 cc 1.660 » 0.7 cc 1.400 II 0.7 cc 1.120 »
0.8 cc 1 .820 « 0.8 cc 1.550 II 0.8 cc 1.260 "
0.9 cc 2.100 '» 0.9 cc 1.730 II 0.9 cc 1 .440 '•
1.0 cc 2.290 '« 1.0 cc 1.895 II 1.0 cc 1.570 "
Curve (1 ) Curve (2 ) Curve (3 )
F ig . 14
40 cc of 1.25 X lO^M n ick e l ch loride
Curve (1)= 0.53 cc of 0.05M K4Mo(CN)g =21 •2cc of 1.25x10 “"m K^MoCCH),
.-3,Curve (2)= 0.53 cc of 0.05M K4Mo(CN)3 .21 .2cc of 1.25x10 K^MoCCR), 
Curve (3)= 0.52 cc o f 0.05M K4Mo(CN)g »20.8cc of 1.25x10“ M^ K^MoCCN)
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Table 15.
Volume o f n ick e l ch loride  so lution  
Concentration of n ick e l ch loride  
Strength of K^MoCClOg
Set 1 0 fo a lcoh o l Set II 10 % a lcohol
= 40 cc
s 2 .0 X 10"^ M
a 0.05M
Set III  20 % alcohol
V o l. o f Corrected V o l. o f Corrected V o l. o f Corrected
K^ M^oCClOg Conductance K/j^ I«lo(CN)g Conductance K^Mo(CN)g Conductance
0.0 cc 1 .272 X  10 0.0 cc 1 .075 X  10 ^ 0.0 cc 0.995 X 10'
0.1 cc 1.400 '• 0.1 cc 1.185 •' 0.1 cc 1.090
0.2 cc 1.510 " 0.2 cc 1.252 '• 0.2 cc 1.135
0.4 cc 1.655 " 0.4 cc 1.375 0.4 cc 1.215
0.6 cc 1.805 " 0.6 cc 1.500 « 0.6 cc 1.310
0.7 cc 1.910 '« 0.7 cc 1.570 ” 0.7 cc 1.375
0.8 cc 1 .990 » 0.8 cc 1.660 " 0.8 cc 1.460
0.9 cc 2.130 '» 0.9 cc 1 .780 « 0.9 cc 1.570
1 .0 cc 2.290 '« 1.0 cc 1.940 " 1 .0 cc 1.730
1 .2 cc 2.700 " 1 .2 cc 2.280 " 1 .2 cc 2.000
1 .4 cc 3.130 " 1.4 cc 2.600 '• 1 .4 cc 2.250
1.6 cc 3.570 " 1.6 cc 2.920 >• 1.6 cc 2.500 '
Curve (1) Curve (2) Cur ve (3)
-3
F ig . 15
40 cc of 2 ,0  X 10"% n ick e l ch loride
Curve (1)a0.9 cc of 0.05M K4Mo(CN)g -  22.5 cc o f 2 .0  x 10~^ M K^ MoCCN
Curve (2)aO,86cc of 0.05M K^ M^oCClDg s 21.5 cc of 2 .0  x 10“ % K^ MoCCN
Curve (3)r0.84cc of 0.05M K^Mo(ClOg » 21 ,0 cc of 2 .0  x 10"%
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Table 16,
Volume of n ick e l ch loride  so lution  
Concentration o f n ic k e l ch loride  
Strength of K^Mo(CN)g
Set I 0  ^ a lcohol Set II 10  ^ a lcohol Set III 20 alcohol
V o l. of Corrected V o l. o f Corrected V o l. o f Corrected
K/j^ Mo(ClOg Conductance K^Ho(CN)g Conductance Kji^ Mo(CN)g Conductance
= 40 cc
= 2.5 X 10“ ^M
a 0.05M
0 . 0 cc 1 . 4 3 X  1 0 “ ^ 0 . 0 cc 1 . 2 6 5  X 1 0 - ' 0 . 0 cc 1 . 0 6  X  1 0  ^
0 . 1 cc 1 . 6 0 It 0 . 1 cc 0 . 1 cc 1 . 2 0  '«
0 . 2 cc 1 . 6 8 II 0 . 2 cc 1 . 4 9 0 II 0 . 2 cc 1 . 2 8  ”
0 . 4 cc 1 . 8 6 II 0 . 4 cc 1 . 6 5 0 II 0 . 4 cc 1 . 3 6  '•
0 . 6 cc 1 . 9 8 It 0 . 6 cc 1 . 8 2 0 II 0 . 6 cc 1 . 4 5  "
0 . 8 cc 2 . 1 3 II 0 . 8 cc 1 . 9 4 5 II 0 . 8 cc 1 . 5 5
0 . 9 cc 2 . 2 4 II 0 . 9 cc 2 . 0 2 0 II 0 . 9 cc 1.61 «
1 . 0 cc 2 . 3 6 II 1 . 0 cc 2 . 1 6 0 II 1 . 0 cc 1 . 6 8  "
1 . 1 cc 2 . 5 2 II 1 . 1 cc 2 . 2 8 0 II 1 . 1 cc 1 . 7 6 5
1 . 2 cc 2.70 ti 1 . 2 cc 2 . 4 3 0 It 1 . 2 cc 1.910  '•
1 . 4 cc 3 . 1 5 II 1 . 4 cc 2 . 7 8 0 II 1 . 4 cc 2 . 1 6 0  "
1 . 6 cc 3 . 5 0 It 1 . 6 cc 3 . 0 8 0 II 1 . 6 cc 2 . 4 1 0  »
1 . 8 cc 3 . 9 0 II 1 . 8 cc 3 . 4 5 0 II 1 . 8 cc 2 . 6 6 0  "
2 . 0 cc 4 . 2 8 It 2 . 0 cc 3 . 8 0 0 II 2 . 0 cc 2 . 9 6 0  »
Curve ( 1 ) Curve ( 2 ) Curve ( 3 )
F ig . 16
40 cc o f 2.5 X 10 n ick e l ch loride
rXCurve (D s I .O  cc of 0.05M K^MoCClOg =20 cc of 2.5 x 10 K^ MoCCN)^
Curve (2)r1 .0  cc of 0.05M K4Mo(CN)s =20 cc o f 2.5 x 10"^M K^MoCClOg
Curve (3)=1.0 cc o f 0.05M K4Mo(CN)g =20 cc of 2.5 x 10"^M K4Mo(CN)g
0-X 0 4 0.4 0'S 1*1.
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Readlnj^s fo r  d ire c t  t i t r a t io n s ; K^Mo(GN)g in  the c e l l .
Table 1 ?. 
fb lm e  o f K^Mo(CN)g so lu tio n  
Concentration of K/j_Mo(ClOg 
Strength  of cobalt ch lo rid e  so lu tion
a 40 cc 
= 7.5 X 10“ S l  
= 0.1M
Set 1 0 , ^  a lco ho l Set I I  10 ^ a lcoho l Se t I I I  20 fj alcohol
V o l.  o f Corrected V o l. o f
CoCl^ Conduc tance CoCl,
Corrected
Conductance




0.0 cc 1.59 X  10 ^ 0.0 cc 1.23 X  10 ^ 0.0 cc 0.98 X  10'
0.1 cc 1,51 0.1 cc 1.175 " 0.1 cc 0.95 '•
0.2 cc 1.442 " 0.2 cc 1.135 " 0.2 cc 0.92 «
0.4 cc 1.520 " 0.4 cc 1 .1 70 " 0.4 cc 0.954 "
0.5 cc 1.590 '• 0.5 cc 1.265 " 0.5 cc 1.012 «
0.6 cc 1.690 " 0.6 cc 1.335 0.6 cc 1.080 »•
0.7 cc 1 .780 " 0.7 cc 1 .425 " 0.7 cc 1 .130 »
0.8 cc 1 .870 " 0.8 cc 1.530 » 0.8 cc 1 .222 •'
T.O cc 2.100 " 1.0 cc 1.725 ’• 1.0 cc 1 .385 '•
1 .2 cc 2.280 " 1 .2 cc 1 .885 " 1.2 cc 1.592 "
1.4 cc 2.480 » 1.4 cc 2.060 " 1.4 cc 1 .750 "
1.6 cc 2.680 '• 1.6 cc 2.250 » 1.6 cc 1.882 "
Curve ( 1) Curve (2) Curve (3)
-3
F ig .  17.
40 cc o f 7.5 X 10” ^M MoCCN)^
Curve (1)= 0,3 cc o f O.IM C0CI2 = 40 cc of 7*5 x 10“ \ l  CoCl^
Curve (2)= 0.3 cc o f 0.1M C0GI2 = ^ 10” ^M CoCl^
Curve (3)= 0.3 cc o f 0.1M C0C I2 s 40 cc of 7.5 x 10~^ CoCl^
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Table 18,
Volmie of Kji^ MbCCN)^  solution 
Concentration of Kj||^ Mo(CH)g 
Strength of cobalt chloride
- 40 CO
a 1.25 X lO'^M
-  0.1M
Set I  0 ^ alcohol Set I I  10 ^ alcohol Set I I I  20 % alcohol
Vol* of Corrected Vo l. of Corrected Vol. of
CoCl Conductance CoClg Conductance CoCl^
Corrected
Conductance
0.0 cc 2.42 X 10“ ^ 0.0 cc 1.92 X 10“ ^ 0.0 cc 1.75 X 10'^
0.1 cc 2.35 It 0.1 cc 1.88 II 0.1 cc 1.69 It
0.2 cc 2.28 II 0.2 cc 1.83 It 0.2 cc 1.66 It
0.4 cc 2.22 II 0.4 cc 1.782 It 0.4 cc 1.642 It
0.6 cc 2.27 II 0.6 cc 1.825 It 0.6 cc 1.700 It
0.8 cc 2.38 It 0.8 cc 1.940 It 0.8 cc 1.780 tt
0.9 cc 2.45 II 0.9 cc 2.000 It 0.9 cc
1.0 cc 2.55 M 1.0 cc 2.020 It 1.0 cc 1.890 It
1.1 cc 2.65 It 1.1 cc 2.090 It 1.1 cc 1.935 It
1 .2 cc 2.77 It 1.2 cc 2.180 It 1.2 cc 2.050 It
1.4 cc 2.97 It 1.4 cc 2.350 It 1.4 cc 2.250 It
1.6 cc 3.20 It 1.6 cc 2.540 It 1.6 cc 2.440 It
1.8 cc 3.40 It 1.8 cc 2.760 It 1.8 cc 2.600 It
2.0 cc 3.56 It 2.0 cc 2.950 It 2.0 cc 2.800 n"
Curve (1 ) Curve (2 ) Curve (3 )
P ig . 18.
-340 cc of 1.25 X 10 M K;^ Mo(CN)g
Curve (1 ) = (i) 0.32 cc of 0.1M CoClg = 25.6 cc of 1.25x10 CoClg
(ii) 1.0 cc of 0.1M CoClg = 80 cc of 1.25x10'^M CoCl^
Curve (2 ) = (i) 0.4 cc of 0.1M C0CI2 a 32 cc of 1.25 x lO'^M CoCl^
(ii) 1.0 cc of 0.1M CoClg = 80 cc of 1 .25 x 10"^M CoClg
Curve (3 ) = (i) 0.4 cc of 0.1M CoClg = 32 cc of 1.25 x lO'^M CoCl  ^
(ii) 1.0 cc of 0.1M C0CI2 r 80 cc o f 1.25 X 10“ M^ CoCl^
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Table 19.
Volume of K^Mo(CN)g solution 
Concentration of K2^ Mo(GN)g 
Strength of cobalt chloride solution
= 40 cc
= 2 .0  X 10“
= 0.1M
Set I  0 ^ alcohol Set I I  10 ^ alcohol Set I I I  20 % alcohol
Vo l. of Corrected Vo l. of Corrected Vol. of
CoClg Conductance CoClg Conductance C0CI2
Corrected
Conductance
0,0 cc 0.381 X 10"^ 0.0 cc 0.327 X 10-^ 0.0 cc 2.63 X 10”
0.1 cc 0.374 ti 0.1 cc 0.321 It 0.1 cc 2.60 It
0.2 cc 0.367 t i 0.2 cc 0.318 It 0.2 cc 2.57 It
0.4 cc 0.352 It 0.4 cc 0.310 It 0.4 cc 2.53 It
0.6 cc 0.349 It 0.6 cc 0.306 II 0.6 cc 2.54 tt
0.8 cc 0.350 It 0.8 cc 0.308 It 0,8 cc 2.58 H
1.0 cc 0.357 It 1.0 cc 0.313 w 1.0 cc 2.63 II
1 .2 cc 0.368 II 1.2 cc 0.320 It 1.2 cc 2.68 It
1.4 cc 0.376 It 1.4 cc 0.325 It 1.4 cc 2.75 It
U 5 cc 0.377 It 1.5 cc 0.330 It 1.5 cc 2.80 tt
1.6 cc 0.381 It 1.6 cc 0.335 It 1.6 cc 2.86 It
1.8 cc 0.390 II 1.8 cc 0.351 n 1.8 cc 3.04 It
2 .0 cc 0.417 It 2.0 cc 0,371 It 2.0 cc 3.21 II
2.2 cc It 2.2 cc 0.392 t i 2.2 cc 3.40 tt
2.4 cc 0.451 It 2.4 cc 0,408 It 2.4 cc 3.56 It
2.6 cc 0.475 It 2.6 cc 0.428 It 2.6 cc 3.72 tt
Curve (1 ) Curve (2 ) Curve (3 )
F ig . 19
4 0  c c  o f  2 . 0  X 1 0 “ Kj^Mo(CN)g
C u r v e ( 1 ) = ( i ) 0 . 7  c c  o f 0 .1 M C0C I2 3  3 5  c c  o f 2 . 0 X 1 0 " % C0C I2
( i i ) 1 . 6  c c  o f 0 .1 M C0C I 2 =  8 0  c c  o f 2 . 0 X l o - ^ C0C I 2
C u r v e ( 2 ) s ( i ) 0 .7 2 C C  o f  0 .1 M  C0C I2 3 3 6  c c  o f 2 . 0 X 1 0 "  3 m C0C I2
( i i ) 1 . 6  c c  o f 0 . 1  M C0C I2 s  8 0  c c  o f 2 . 0 X 1 0 " C0C I 2
C u r v e ( 3 ) = ( i ) 0 . 8  c c  o f  0 . 1 M C0C I2 a  4 0  c c  o f 2 . 0 X 1 0 " C0CI2
( i i ) 1 . 6  c c  o f 0 .1 M C0C I 2 -  8 0  c c  o f 2 . 0 X 1 0 " C0C I2
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Table 20.
Volume of K^Mo(CN)g solution s 40 cc
Concentration of K/^ Mo(CN)0 s 2 ,5  x 10“
Strength of cobalt chloride solution « 0*1K
Set I  0 ^ alcohol Set I I  10 ^  alcohol Set I I I  20 % alcohol
Vo l. of Corrected Vo l. of Corrected Vol. o f Corrected
CoCl^ Conductance CoClg Conductance C0CI2 Conductance
0.0 cc 0.471 X 10-2 0.0 cc 0.439 X 10-2 0.0 cc 0.317 X 10"
0.1 cc 0.465 ti 0.1 cc 0.431 It 0.1 cc 0.312 II
0.3 cc 0.451 n 0.3 cc 0.420 It 0.3 cc 0.308 It
0.5 cc 0.441 ti 0.5 cc 0.411 It 0.5 cc 0.306 It
0.7 cc 0.435 IT 0.7 cc 0.406 n 0.7 cc 0.307 It
0.9 cc 0.432 II 0.9 cc 0.404 It 0.9 cc 0.310 It
1 ,1 cc 0.436 II 1.1 cc 0.410 »  , 1.1 cc 0.315 n
1,3 cc 0.440 n 1.3 cc 0.417 It 1.3 cc 0.321 II
1,5 cc 0.447 It 1.5 cc 0.422 It 1.5 cc 0.327 II
1.7 cc 0.452 n 1.7 cc 0.428 If 1.7 cc 0.332 n
1.9 cc 0.462 It 1.9 cc 0.438 It 1.9 cc 0.340 n
2.0 cc 0.467 If 2.0 cc 0.4A2 tt 2.0 cc 0.346 II
2.1 cc 0.471 It 2.1 cc 0.449 It 2.1 cc 0.351 It
2.2 cc 0.483 It 2.2 cc 0.456 H 2.2 cc 0.360 It
2.4 cc 0.500 II 2.4 cc 0.475 It 2.4 cc 0.378 It
2.6 cc 0.520 It 2.6 cc 0.492 It 2.6 cc 0.395 tt
2.8 cc 0.540 It 2.8 cc 0.511 It 2.8 cc 0.411 tt
3.0 cc 0.559 n 3.0 cc 0.530 II 3.0cc 0.427 n
Curve (1 ) Cui’ve (2 ) Curve (3)
P ig . 20
40 cc of 2.5 X 1 0 " K4Mo(CN)g
Curve (1 )= (i) 0.88 cc of 0.1M CoClp 35.2 cc of 2.5 X 10' C0CI2
( i i )  2.0 cc of 0.1M C0CI2 3 80 cc of 2.5 X 10 C0CI2
Curve (2 )a ( i) 0.84 cc of 0.1M C0CI2 s 33.6 cc of 2.5 X 10” A CoClg
( i i )  2.0 cc of 0.1M C0CI2 = 80 cc o f 2.5 X 10' C0CI2
Curve (3 )= (i) 0.80 cc of 0.1 M C0CI2 s 32 cc of 2.5 X 10“ % C0CI2
( i i )  2.0 cc of 0.1M C0CI2 80 cc of 2.5 X 10'^ M C0CI2
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Reverse t itra tio n s ; CoCl^ In  the c e ll
Table 21.
Volume of cobalt chloride solution a 40 cc
Concentration of cobalt chloride a 7*5 x 10” S l
Strength o f Kj,^ Mo(CN)g solution - 0.05M
S e t . I 0 % alcohol Set I I  10 ^ alcohol Set I I I  20 i  alcohol
V o l. o f Corrected V o l. o f Correct Vo l. of Corrected 
K^MoCCN)g ConductanceK^Mo(CN)g Conductance Kj^ Mo(CN)g Conductance
0.0 cc 0.73 X 10'^ 0.0 cc 0.604 X io"^ 0.0 cc 0.484 X 10-^
0.1 cc 0.81 II 0.1 cc 0.670 It 0.1 cc 0.538 II
0.2 cc 0.90 It 0.2 cc 0.775 ft 0.2 cc 0.593 It
0.3 cc 1.045 It 0.3 cc 0.870 It 0.3 cc 0.660 II
0.4 cc 1.175 n 0.4 cc 0.980 It 0.4 cc 0.725 It
0.5 cc 1.350 II 0.5 cc 1.120 It 0.5 cc 0.833 II
0.6 cc 1.600 It 0.6 cc 1 .260 It 0.6 cc 1.060 II
0.7 cc 1.710 ri 0.7 cc 1.430 n 0.7 cc 1.215 It
0.8 cc 1.912 It 0.8 cc 1.635 It 0.8 cc 1.365 II
0.9 cc 2.131 n 0.9 cc 1.800 tt 0.9 cc 1.510 It
1.0 cc 2.340 II 1.0 cc 2.030 It 1.0 cc 1.650 It
Curve (1 ) Curve (2 ) Curve (3)
P ig . 21 
40 cc of 7.5 X 10“ S l  CoClg 
Curve (1)= 0.38 cc o f 0.05M K4Mo(CH)g =25*3 cc o f 7.5 3C lO'W^MoCCN)
Curve (2 )s 0.37 cc of 0.05M K^MoCCN)^  *24.6 cc of 7.5x10*Sl K^MoCCN)^
Curve (3)= 0.30 cc of 0.05M K2Mo(CN)g s20 cc of 7.5 x 10**^
l*iT 
lo
0-2. 0 .4  b -(  0-^ !'«> 1">l. t‘4  J
Vir(.* *i( 0>C^
X ^ $ p -rz rQ c = £ trl£ iZ , ____________
O ' A  0-^ I I  I'fe i-O  X-4
G C li.




Q q4 0-1^ qS  0-6''-6^  0? 0-^  H
V o ("H  ic a H o (O ^ ^ k C & Y :
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Table 22.
Voltnne of cobalt chloride solution 
Concentration of cobalt chloride 
Strength of K^Mo(CN)g solution
■ 40 cc 
s 1.25 X 10“ 
= 0.05M
Set I  0 ^ alcohol Set I I  10 ^ alcohol Set I I I  20 % alcohol
Vo l. of Corrected Vol. of Corrected Vol. of Corrected
K/^Mo(CN)g Conductance K2|^ Mo(CN)g Conductance K^Mo(CN)g Conductance
0.0 cc 1.095 X 10“ ^ 0.0 cc 0.901 X 10"^ 0.0 cc 0.780 X 10-3
0.1 cc 1.164 n 0.1 cc 0.962 It 0.1 cc 0.815 It
0.2 cc 1.245 ti 0.2 cc 1.030 ti 0.2 cc 0.860 It
0.3 cc 1.335 II 0.3 cc 1.100 It 0.3 cc 0.902 It
0.4 cc 1.430 n 0.4 cc 1.180 It 0.4 cc 0.920 It
0.5 cc 1.540 II 0.5 cc 1.265 II 0.5 cc 0.995 It
0.6 cc 1.660 II 0.6 cc 1.382 t i 0.6 cc 1.082 It
0.7 cc 1.800 It 0.7 cc 1.501 It 0.7 cc 1.220 It
0.8 cc 1.940 It 0.8 cc 1.625 II 0.8 cc 1.350 It
0.9 cc 2.120 II 0.9 cc 1.802 It 0.9 cc 1.502 ft
1 .0 cc 2.350 It 1.0 cc 2.000 II 1.0 cc 1.641 It
Curve (1 ) Curve (2 ) Curve (3)
F ig . 22
-3.40 cc of 1 *25 X 10 'n  C0CI2
Curve (1)=0.55 cc of 0.05M K^MoCCN)g s22 cc of 1.25x10 K^MoCCN)^
rXCurve (2)=0.50 cc of 0.05M K^MoCCN)^  =20 cc of 1.25x10
-3,Curve (3)=0.50 cc of 0.05M K/^ Mo(CN)3 =20 cc of 1.25x10 K4Mo(CN)g
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Table 23.
Voliane of cobalt chloride solution 
Concentration of cobalt chloride 
Strength of K^Mo(CN)g solution
= 40 cc
s 2 .0  X lO’ M^
s 0.05M
Set 1 0 ^  alcohol Set X I 10 ^ alcohol Set I I I  20 % alcohol
V o l. o f Corrected Vol. o f Corrected Vol. of Corrected
Ki Ko{CS)q Conductance K^ ^MoCCN)^  Conductance K^Mo(CN)g Conductance
0.0 cc 1.71 X  10 ^ 0.0 cc 1 .365 X io “ ^ 0.0 cc 1.161 X 10'^
0.1 cc 1.77 ” 0.1 cc 1.421 II 0.1 cc 1 .200 It
0.2 cc 1 .84 »• 0.2 cc 1.475 II 0.2 cc 1.235 It
0.4 cc 1.99 " 0.4 cc 1.590 t i 0.4 cc 1.301 It
0.6 cc 2.22 '• 0.6 cc 1 .660 H 0.6 cc 1.380 It
0.7 cc 2.30 « 0.7 cc 1.720 t1 0.7 cc 1.420 It
0.8 cc 2.34 ” 0.8 cc 1.802 II 0.8 cc 1.490 tt
0.9 cc 2.40 • 0.9 cc 1.901 n 0.9 cc 1.581 II
1 .0 cc 2.54 • 1.0 cc 2.060 n 1.0 cc 1.712 II
1.2 cc 2.87 •• U2 cc 2.380 II 1 .2 cc 2.002 It
1.4 cc 3.28 1.4 cc 2.731 II 1.4 cc 2.273 It
1 .6 cc 3.71 " 1.6 cc 3.080 It 1.6 cc 2.550 It
Curve ( 1 ) Curve (2) Curve (3)
F ig . 23
,-3,40 cc o f 2.0 X 10 CoCl^
,-3.Curve (1)=1.0 cc o f 0.05M K^Mo(CN)g *25 cc o f 2.0 x 10 K^Mo(CN)g
r3.Curve (2 ) s 0.86 cc of0.05M K/^Mo(CH)g *21.5 cc of 2.0 x 10 K^Mo(CN)g
Curve (3)s0.80 cc o f 0.05MK^Mo(CM)g s20 cc o f 2.0 x 1 0 " * K^Mo(CN)g
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Table 24.
Volume of cobalt chloride solution 
Concentration of cobalt chloride 
Strength of K^MoCCH)^
Set 1 0 ^  alcohol Set I I  10 ^ alcohol Set I I I  20 % alcohol
s 40 cc
s 2,5 X 1 0 '%
r 0.05M
Vo l, o f Corrected Vol* of Corrected Vo l, o f Corrected
K^Mo(CN)g Conductance K^Mo(CN)g Conductance K^Mo(CN)g Conductance
0.0 cc 2.061 X 10“ ^ 0.0 cc 1.74 X 10“ ^ 0.0 cc 1.322 X 10'
0.1 cc 2.121 II 0,1 cc 1.79 ti 0.1 cc 1.360 II
0.3 cc 2.250 It 0.3 cc 1.89 II 0.3 cc 1.440 II
0.4 cc 2.302 M 0.4 cc 1.91 II 0.4 cc 1.470 II
0.6 cc 2.440 tt 0.6 cc 1.98 H 0.6 cc 1.540 tl
0.8 cc 2.500 II 0.8 cc 2.10 It 0.8 cc 1.610 It
0.9 cc 2.542 II 0.9 cc 2.15 It 0.9 cc 1.650 n
1 .0 cc 2.621 II 1.0 cc 2.23 II 1.0 cc 1.750 II
1 .1 cc 2.740 11 1.1 cc 2.32 H U1 cc 1.860 It
1.2 cc 2.872 tt 1.2 cc 2.45 II 1.2 cc 1.980 II
1.4 cc 3.221 tt 1.4 cc 2.77 It 1 *4 cc 2.240 It
1.6 cc 3.610 II 1.6 cc 3.13 It 1.6 cc 2.520 It
1 #3 cc 3.980 tt 1.8 cc 3.52 It 1 .8 cc 2.770 tt
2.0 cc 4.432 R 2 . 0 cc 3.84 It 2.0cc 3.100 It
CtH’ve CD Curve (2 ) Curve (3 )
F ig . 24 
40 cc of 2,5 X lO'^M C0CI2 
Curve (1)s1.08 cc of 0.05M K4Mo(CN)g s 21.6 cc of 2.5x 10 K^Mo(CN)g 
Curve (2)=U0 cc of 0.05M Kj^ Mo(CN)g =20 cc of 2.5 x 10 "%  K4>fo(CN)g 
Curve (3 )s1 .0 cc of 0.05M K4Mo(CN)3 »20 cc of 2.5 x 10“ %  K^MoCCN)^
0-2, <?•£(: 0-^ d . p  h o  U'2.  f ' k  l . f f  fc-o
. ^mir Vaf. 0^  l^i<Mo(t/v)5 Uc.;
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Table A*
Sununary of the results on conductometric t itra tio n s  
T itra tions between copper sulphate and potassium molybdocyanide 
D irect: K2^ Mo(CN)g in  the c e l l .
V o l. and Cone, 
o f K/^Mo(CN)g















Cu'^ '^  :Mo(CN)
8
40 cc. 0.00075M 0 0.54 72.0 cc 2 : 1.1
40 cc, 0.00075M 10 0.54 72.0 cc 2t 1.1
40 cc, 0.00075M 20 0.54 72.0 cc 2 : 1.1
40 cc, 0.00125M 0 0.90 72.0 cc 2 ; 1.1
40 cc. 0.0012 5M 10 0.92 73.6 cc 2 : 1.08
40 cc, 0,00125M 20 0.90 72.0 cc 2 t 1.1
40 cc. 0.002M © 1.48 74.0 cc 2 : 1.08
40 cc. 0.002M 10 1.48 74.0 cc 2 : 1.08
40 cc. 0.002M 20 1.44 72.0 cc 2 * 1.1
40 cc, 0.0025M 0 1.80 72.0 cc 2 : 1.1
40 cc. 0.0025M 10 1.80 72.0 cc 2 : 1.1
40 c c ,,0.0025M 20 1.80 72.0 cc 2 : 1.1
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Table B .
Summary of the results on Conductometrie t itra tio n s  
T itra tions between copper sulphate and potassium molybdocyanide 
Reverse: CuSOji^  in  the c e ll.
Vo l. and Cone, 
of copper 
sulphate in  
















40 cc, 0.00075M 0 0.3 cc 20 cc 2 •• 1.0
40 cc, 0.00075M 10 0*3 cc 20 cc 2 : 1.0
40 cc, 0.00075M 20 0.3 cc 20 cc 2 ? 1.0
40 cc, 0.00125M 0 0.54 cc 21 .6 cc 2 t 1.08
40 cc. 0.0012 5M 10 0.54 cc 21.6 cc 2 : 1.08
40 cc. 0.00125M 20 0.50 cc 20.0 cc 2 : 1.0
40 cc. 0.002M 0 0.84 cc 21.0 cc 2 : 1.05
40 cc. 0.002M 10 0.84 cc 21 .0 cc 2 •• 1.05
40 cc, 0.002M 20 0.80 cc 20.0 cc 2 : 1.0
40 cc. 0.0025M 0 1.10 cc 22.0 cc 2 •• 1.1
40 cc. 0.0025M 10 1 .00 cc 20.0 cc . 2 •• 1.0
40 cc. 0.0025M 20 1.00 cc 20.0 cc 2 •• 1.0
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Table C.
Summary of the results on Conductometrlc titra tio n s  
T itra tions tetveen n icke l chloride and potassium molybdocyanide 
D irect ! Kj^ Mo(CN)» in  the c e l l*
Vol* and Cone. Percentage Vo l. of 
of K.Mo(CN)q of alcohol 0,1M
. o NiCL. from
the
Vol. o f 
NiCl^
e q u iv a le n tcurves 40
K^MoCCN)^
Probable 
ra tio  ,
Ni‘'‘^:Mo(CH)g
40 cc, 0,00075M 0
40 00, 0.00075M 10
40 cc, 0.00075M 20
( i )  0.3 cc 
( i i )  0*6 CO 
(1 ) 0.3 cc 
( i i )  0.6 cc 
( i )  0.3 cc 
( i i )  0.6 cc
40 oc, 0.0012 5M 0 ( i ) 0,4 cc
( i i ) 0*9 00
40 cc, 0.00125M 10 ( 1 ) 0.4 cc
( i i ) 0.9 cc
40 cc, 0.001 25M 20 ( i ) 0.9 00
40 cc. 0.002M 0 ( ! ) 0.6 cc
( i i ) 1 *4 oc
40 cc. 0.002M 10 ( i ) 0.4 00
( i i ) 1 *4 cc
40 cc. 0.002M 20 1.4 CO
40 cc. 0.0025M 0 ( i ) 0*76 cc
( i i ) 1.84 cc
40 cc. 0.0025M 10 ( i ) 0.68 00
( i i ) 1.80 cc
40 cc, 0.0025M 20 ( i ) 0,50 cc
( i i ) 1.80 cc
40 00 1^ : 1
80 00 2 : 1
40 CO 1 : 1
80 CO 2 : 1
40 00 1 : 1
80 00 2 •• 1
32 00 1 •• 1.2
76,.8 CO 2 •• 1.04
32 CO 1 : 1.2
72 OC 2 : 1.1
72 00 2 i 1.1
30 00 1 s 1.3
70 cc 2 : 1.1
20 00 2 : 1
70 cc 2 •• 1.1
70 cc 2 : 1.1
30•4 oc 1 : 1.3
73.2 CO 2 s 1.09
27 .2 00 1 : 1.4
72 .0 00 2 •• 1.1
27•2 cc 1 * 1.4
72 .0 cc 2 ; 1.1
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Table D.
Summary of the results on conductometrlc t itra tio n s  
T itra tio n s betveen n ickel chloride and potassluia molybdocyanlde 
Reverse; NlCl^ In  the c e l l>
V o l. and Cone* 
of n icke l 
ch loride in  
the c e ll*
Percentage 
o f alcohol





40 cc, 0.00075M 0 0.40 cc 26.6 cc 2 s 1.3
40 cc, 0.00075M 10 0.40 cc 26.6 cc 2 : 1.3
40 cc, 0.00075M 20 0.32 cc 21.4 cc 2 t 1.07
40 cc. 0.00125M 0 0.53 cc 21 .20 cc 2 •• 1.06
40 cc. 0.00125M 10 0.53 cc 21 .20 cc 2 : 1.06
40 cc, 0.00125M 20 0.52 cc 20.80 cc 2 •• 1.04
40 cc. 0.002M 0 0.90 cc 22.5 cc 2 s 1.10
40 cc, 0.002M 10 0.86 cc 21 .5 cc 2 • 1.07
40 cc. 0.002M 20 0.84 cc 21 .0 cc 2 : 1.05
40 cc, 0.002 5M 0 1.0 cc 20.0 cc 2 : 1.0
40 cc, 0.0025M 10 1.0 cc 20.0 cc 2 •• 1.0
40 cc, 0.0025M 20 1 *0 cc 20.0 cc 2 : 1.0
- 112 -
Table E*
SuBgaary of the resu lts on conductometrlc titra tio n s  
T itra tio n s between cobalt chloride and potasslian molyMocyanlde 
D irect; Kj^ MoCCN)^ In  the c e ll
V o l. of Cone, 
o f K^Mo(CN)g








Vo l. o f C0CI2 
equivalent 
to 40 cc 
K^Mo(CN)g
Probable 
. .ra tio  
Co^^;Mo(CN)g
40 cc. 0.00075M 0 0.3 cc 40 cc 1 : 1
40 cc, 0.00075M 10 0.3 cc 40 cc 1 : 1
40 cc, 0.00075M 20 0.3 cc 40 cc 1 : 1
(1) 0.32 cc 25.6 cc 1 •• 1.5
40 cc, 0.0012 5M 0(11) 1.0 cc 80 cc 2 s 1
40 cc, 0.00125M 10 (1 ) 0.4 cc 32 cc 1 •• 1.2
(11) 1.0 cc 9 0 cc 2 : 1
40 cc, 0.00125M 20 (1) 0.4 cc 32 ce 1 •• 1.2
(11) 1.0 cc 80 cc 2 s 1.0
40 cc, 0.002M 0 (1) 0.7 cc 35 cc 2 : 1.1
( 11) 1.0 cc 80 cc 2 : 1.0
40 cc, 0.002M 10 ( 1) 0. 72cc 36 cc 1 : 1.1
( 11) 1.6 cc 80 cc 2 : 1
40 cc. o.oceM 20 ( 1) 0.8 cc 40 ce 1 •• 1
( 11) 1.6 cc 80 cc 2 : 1
40 cc. 0.0025M 0 ( 1) 0.88CC 35.2 cc 2 : 1*1
( 11) 2.0  CC 80 cc 2 : 1
40 cc. 0.0025M 10 ( 1) 0.84cc 33.6 cc 1 : 1.1
( 11) 2.0 cc 80 cc 2 •• 1
40 cc. 0.0025M 20 ( 1) 0.80cc 32 cc 1 : 1.2
( 11) 2.0  cc 80 cc 2 •• 1.0
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Table P*
Summary of the resultg on conductometrlc t itra tio n s  
T itra tion s between cobalt chloride and potassium molybdocvanide 
Sgvg£,3e;.CgCl2 In  the, c e ll
Vol* and Cone, 
of cobalt 
ch loride In  
the c e ll.
Percentage 
of alcohol
Vo l. of 0.05M Vo l. of Probable 
K^Mo(CN)g K4Mo(CN)g ra tio
from the equivalent Co^ '^ '^ s Mo(CN)
curves to 40 cc 8
CoCO^
40 cc, 0.00075M 0 0,38 cc 25*3 cc 2 •• 1,2
40 cc. 0.00075M 10 0,37 cc 24,6 cc 2 : 1.2 ,
40 cc. 0.00075M 20 0,30 cc 20,0 cc 2 t 1
40 cc. 0,00125M 0 0,55 cc 22,0 cc 2 : 1,1
40 cc. 0.00125M 10 0,50 cc 20,0 cc 2 : 1
40 cc. 0,00125M 20 0,50 cc 20,0 cc 2 : 1
40 cc. 0*002M 0 1,00 cc 25.0 cc 2 : 1.2
40 cc. 0,002M 10 0,86 cc 21,5 cc 2 •• 1,07
40 cc. 0.002M 20 0,80 cc 20,0 cc 2 •• 1
40 cc. 0,0025M 0 1,08 cc 21*6 cc 2 •• 1,08
40,►cc. 0,0025M 10 1,00 cc 20,00 cc 2 : 1
40 cc. 0,0025M 20 1,00 cc 20,00 cc 2 : 1
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Potentlom etrie titra tio n s
Potentiom etrlc t itra tio n s  of copper sulphate, n icke l chloride 
and cobalt chloride w ith potassium molybdocyanide were performed 
w ith a view to  confirm the e a r lie r  resu lts on the composition of these 
complexes by conductometry*
measureraents were carried out w ith Tinsley potentiometei 
(type 338713) w ith lamp and scale arrangement. The ind icator electrod 
was the molybdo- molybdicyanide couple obtained by dipping bright 
platinum electrode in  a solution of potassium molybdocyanlde contain­
ing a l i t t l e  potassium molybdicyanide. Both d irec t (Potassium 
molybdocyanlde in  the c e ll)  and reverse (S a lt  solution in  the c e ll) 
t itra tio n s  were performed. They were also carried out w ith d iffe ren t 
concentrations of the reactants and both in  the aqueous and the 
aqueous - a lcoho lic media (20 and 40 $ a lco h o l),
Potentiom etrlc t itra tio n s  between curprous chloride and
3-potasslum molybdicyanide were done w ith the help of Mo(CN). t®
4-  \ B
Mo(CN)o Ind icator electrode obtiined by dipping laAglit platinumo ^
electrode in  a solution of potassium molybdicyanide containing a l i t t l (  
potassium molybdocyanlde. The solution of cirrous chloride was coverec 
w ith a laye r of liqu id  para ffin  to avoid the oxidation of cuprous 
ch loride. Fresh solution of cuprous chloride was prepared each day. 
A ll experiments were carried  out in  a dark room and the vessels were 
wrapped w ith black paper in  order to protect the solutions of 
potassium molybdo- and molybdicyanide from lig h t.
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Table 25.
10 cc K^Mo(CN)g (Se t I  0.02M, Set I I  0.0125M and Set I I I  0.01M) 
against 0.1M CuSO^.
Cone, of K^Mo(CN)g In  K^MbCCN)^  solution s 0.001M
Set I
Vo l. of 
CuSO|^
Set I I Set I I I
Po t, vs S .C .S . V o l. of Po t. vs S,C ,S* Vo l. o f Pot. vs.S.C
V o lt. CuSO, V o lt. CuSO) Vo lt.
0.0 cc 0.4056 0.0 cc 0.4290 0.0 cc
0.1 cc 0.4056 0.3 cc 0.4305 0.3 cc
0.3 cc 0.4096 0.5 cc 0.4338 0.5 cc
0.5 cc 0.4136 0.8 cc 0.4395 1.0 cc
1.0 cc 0.4200 1.0 cc 0.4430 1.5 cc
2.0 cc 0.4330 1.5 cc 0.4555 1.7 cc
3.0 cc 0.4583 2.0 cc 0.4770 1.8 cc
3.5 cc 0.4886 2.2 cc 0.5065 1.9 cc
3.7 cc 0.5366 2.3 cc 0.5435 2.0 cc
cc 0.6373 2.4 cc 0.6200 2.1 cc
4.0 cc 0.6785 2.5 cc 0.7050 2.2 cc
4.1 cc 0.7185 2.6 cc 0.7600 2.5 cc
4.3 cc 0.7475 2.7 cc 0.7925 3.0 cc
4.5 cc 0.7692
0.7943
2.8 cc 0.8142 3.5 cc
5.0 cc 3.0 cc 0.8375 4.0 cc
5.5 cc 0.8165 3.5 cc 0.8650
6.0 cc 0.8215 4.0 cc 0.8815


















F ig . 25
10 cc of 0.02M K^Mo(CN)g
Curve (1 ) s 4.0 cc of 0.1M CUSO4 ?  20 cc of 0.02M CuSO^
10 cc o f 0.0125M Kj^Mo(CN)g
Curve (2 ) s 2.5 cc o f 0.1M *  20 cc of 0.0125M K4Mo(CN)g
10 cc of 0.01M K4Mo(CN)q
Curve (3 ) *  2.0 cc of 0.1M CuSO/^  z 20 cc of O.OlM CuSO^
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Table 26.
V o l. of 0.1M CUSO4 = 4.0 cc 
Total vo l. made up s, 10 cc
Cone, of CuSOj r  0.04M
Strength of K4Mb(CN)g s 0.05M
Table 27.
Vol. of 0.1M CUSO4 s 2.0 cc
Total vo l. made up a 10. cc
Cone, of CuSO  ^ s 0.02M
Strength of K^MoCCN)^  ^0.05M
V o l. of 
K4M6(CN)g
Po t. Vs S .C .e . 
V o lt.
Vo l. of K4Mo(CN)q Po t. vs .
Volt
0.0 cc 0.4395 0.0 cc 0.4275
0.3 cc 0.4370 0.3 cc 0.4286
0.5 cc 0,4370 0.5 cc 0.4368
1 .0 cc 0.4535 0.7 cc 0.4620
2.0 cc 0.6861 0.9 cc 0.5066
3.0 cc 0.7390 1.0 cc 0.5590
3.5 cc 0.7413 1.2 cc 0.6190




4.0 cc 1.8 cc 0.7066
4.1 cc 0.6040 2.0 cc 0.6000
4.3 cc 0.5195 2.1 cc 0.5076
0.46434.5 cc 0.4850 2.3 cc
4.8 cc 0.4650 2.5 cc 0.4510
5.0 cc 0.4582 2.8 cc 0.4385
Curve (1) Curve (2)
10 cc of 0.04m CUSO4 10 cc of 0.02M CuSO^
Curve (1 ) s4.0 cc of 0.05M K4Mo(CK)3  Curve (1 )r2 .0  cc of 0.05M K^ MoCC 
Curve (2 ) s5*0 cc of 0.04MK4Mo(CN)q Curve (2 )r5 .0cc of 0.04M K^ MbCCK)
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Table 28.
Vo l. of 0,046m K^Mo(CN)g = 3*0 cc 
Total vo l. made up 5 5*0 cc
Cone, of K3Mo(CN)g = 0.0276M
Strength of 0^2Cl^ r  0*046M
Table 29.
Vol. of 0.046m K3Mo(CR)g r  4.0 cc 
Total vo l. made up - 5.0 cc
Cone, o f K3Mo(CN)g r 0.368M 
Strength of CU2CI2 =, 0,046M
Vo l. of Po t, vs S.C ,e Vol. of Po t, vs S.O,e
CU2CI2 V o lt, CU2CI2 Vo lt.
0,0 cc 0,6040 0,0 cc 0,6093
0.3 cc 0,5850 0,5 cc 0,5820
0,6 cc 0,5640 0,8 cc 0,5662
0,8 cc 0,5377 1 ,0 cc 0,5545
1 .0 cc 0,4580 1 .2 cc 0,5110
1 .2 cc 0,3845 1.4 cc 0,3873
1,4 cc 0,3755 1,6 cc 0,3750
1,7 cc 0,3655 2,0 cc 0.3666
1.9 cc 0,3581 2,4 cc 0.3505
2,1 cc 0,2561 2,6 cc 0,2906
2,3 cc 0,2306 2,8 cc 0,2600
3.0 cc 0,2070 3*0 cc 0,2390
3.5 cc 0,2125
F ig . 27, Cui’ve (1 ) F ig , 27,1 Curve (2)
1) 5 cc of 0,0276m K^Mo(CK)g i )  5 cc of 0,0368M K^ MoCCN)^
s 1.0 cc of 0.0794m CUgClg s 1,3 cc of 0,0794M CUgClg
r  2,8 cc o f.0276m 0^ 2Gig r. 2,8 cc of 0,0368M CUgClg
l i )  5 cc of 0,0276m K3Mo(CN)g i i )  5 cc of 0,0368M K3Mb(CN)g
s 2,0 cc of 0,0794m CU2CI2 = 2,6 cc of 0,079AM CU2CI2
= 5.6 cc of O.O276M CUgClg r  5*6 cc of 0.0368M Ci^Clg
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Table 30.
Reverse titra tio n s  
Table 31.
Vol* of 0.046m K3Mo(CH)q « 5 cc Vo l. of 0.0794M
Total volume made up • 5 cc Total voliime made up
Cone, of KjMoCCN)^ a0.046M Cone, of CU2CI2
Strength of Ci^Clg a0.0794M Strength of K3Mo(CN)g
7 2.5 cc 
« 5 cc 
- 0.0397M 
r  0.046m
Vo l. of 
CU2C12




Po t. Vs 
Volt
0.0 cc 0.6172 0.0 cc 0.1920
0.2 cc 0.6056 0.5 cc 0.2073
0,5 cc 0.5934 1 .0 cc 0.2233
1 *0 cc 0.5720 1 .5 cc 0.2416
1 .5 cc 0.5170 1.7  cc 0.2516
1 .8 cc 0.3910 1.8 cc 0.2617
2 .0 cc 0.3770 1.9 cc 0.2668
2.5 cc 0.3595 2.0 cc 0.2760
3.0 cc 0.3557 2.5 cc 0.2972
3.4 cc 0.2731 3.0 cc 0.3050
3.6 cc 0.2550 3.4 cc 0.3133
3.8 cc 0.2450 3.6 cc 0.3236
4.0 cc 0.2375 3.8 cc 0.3477
4.5 cc 0.2166 4.0 cc 0.3575
5.0 cc 0.2103 5.0 cc 0.3832
6.0 cc 0.2010 6.0 cc 0.3930
6.5 cc 0.3972
7.0 cc 0.4072
F ig . 27, Curve (3 ) 8.0 cc 0.5170
9.0  cc 0.5480
P ig . 28, Curve (1)
1) 5 cc o f 0.046m K3Mo(CN)g 
s i.6 cc  of 0.0794m CU2CI2 
*2.78 cc of 0.046m CU2CI2 
i i )  5 cc of 0.046m K3Mo(CN)g 
» 3.2 cc of 0.0794m Ci^Cl2 
a 5*56 cc of 0.046m Ci^Clg
i )  5 cc of 0.0397M CUgCl^
•3.8 cc o f 0.046m K3Mo(CN)q 
s4.4 cc of 0.0397M K3Mo(CN)3 
i l )  5 cc of 0.0397M CugClg 
s. 7*7 cc of 0.046m K3Mo(CN)3 
s  8.9 cc of 0.0397M K3Mo(CH)g
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Table 32. Table 33.
Vo l. of 0.0794m CUgClg :j 4.0 cc Vol. of 0.0794m CUgClg a 5.0 cc
Total volume made up 5 5.0 cc Total volume made up a, 5.0 cc
Cone, of■ a 0.619M Cone, of CU2CI2 aO.0794m
Strength of K3Mo(CM)g = 0.046m Strength of K3Mo(CN)g s0.046M
Vo l. of Po t. vs S.C .e Vol. of Po t. Vs. S.C.e
K3Mo(CN) g V o lt. K^Mo<CN)g V o lt.
0.0  cc 0,1955 O.O cc 0.1976
1 .0 cc 0.2075 1 .0 cc 0.2055
3.0 cc 0.2445 3.0 cc 0.2037
5*0 cc 0.2937 5.0 cc 0,2834
5»5 cc 0.3050 7.0 cc 0.3070
5 #8 cc 0.3220 7*4 cc 0.3416
6.0 cc 0.3380 7.7 cc 0.3610
6.3 cc 0.3450 8.0 cc 0.3625
6.6 cc 0.3510 8.3 cc 0.3695
7.0 cc 0.3650 8.6 cc 0.3780
9.0 cc 0.3835 9.0  cc 0.3821
11.0 cc 0.3950 10.0 cc 0.3845
11.5 cc 0.4230 12.0 cc 0.3880
11.8 cc 0.4430 14.0 cc 0.4260
12.0 cc 0.4470 15.0 cc 0.4865
12.5 cc 0.4936 16.0 cc 0.5200
13*0 cc 0.5172 16.5 cc 0.5295
14.0 cc 0.5375 17*0 cc 0.5360
15.0 cc 0.5474 18.0 cc 0.5490
F ig . 2St ,  Curve (2) F ig . 28, Cui‘ve (3 )
1) 5 cc of 0.0619M Ci;^Clp 1) 5 cc of 0.0794m CupClp
«. 6.0 cc of 0.046M K3Mo(CN)o s  7.2 cc o f 0.046m K3Mo(CH)g
5 4.46 cc of 0.0619M K3Mo(CN)g Z 4.2 cc of 0.0794m K3Mo(CN)g
11) 5 cc of 0.0619M CU2CI2 i i )  5 cc of 0.0794m Cu2C3^
s i2.0 cc o f 0.046m K3Mo(CN)g al4 .4  cc o f 0.046m K3Mo(CR)g




10 cc Kj|^ Mo(CN)g 0.02M (Se t I  0, Set II2 0  and Set I I I  40 ^ alcohol) 
against 0.1M N ic l2
Cone, of K^Mo(CN)g in  K^Mo(CN)g solution s 0.001 M.
Set I  Set I I  Set I I I
Vo l. of Po t. vs S.C .e Vo l. o f Po t. vs S.C .e Vol. of Pot.vs S.C.e 
NiClg V o lt. NiCl^ V o lt. NiCl^ Vo lt.
0.0 cc 0.4575 0.0 cc 0.3955 0.0 cc 0.3230
1 .0 cc 0.4700 1 .0 cc 0.4155 1 .0 cc 0.3475
2.0 cc 0.4820 2.0 cc 0.4332 2.0 cc 0.3735
3.0 cc 0.5092 3.0 cc 0.4720 3*0 cc 0.4515
3.2 cc 0.5210 3.2 cc 0.4920 3.2 cc 0.5130
3.4 cc 0.5380 3.4 cc 0.5280 3.4 cc 0.5777
3.6 cc 0.5680 3.6 cc 0.5830 3.6 cc 0.6140
3.8 cc 0.6105 3.8 cc 0.6235 3.8 cc 0.6340
3.9 cc 0.6250 3.9 cc 0.6395 3.9 cc 0.6420
4.0 cc 0.6350 4*0 cc 0.6470 4.0 cc 0.6475
4.4 cc 0.6585 4.5 cc 0.6665 4.5 cc ' 0 .6^2
5.0 cc 0.6715 5.0 cc 0.6757 5.0 cc 0.6685
6.0 cc 0.6816 6.0 cc 0.6830 6.0 cc 0.6730
Curve (1) Curve (2) curve (3 )
F ig . 29.
10 cc of 0.02M 
Curve (1 ) 3.8 cc o f O.IM N iC l2 a 19.0 cc of 0.02M NiClg
Curve U i  3.7 cc of O.IM NiClg a 18.5 cc o f 0.02M NiClg
Curve (3 ) 3.5 cc of O.IM NiCl^ a 17.5 cc o f 0.02M NiCl2
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4 tI 'Table 35* 1 ,
10 cc Kj^Mo(CN)g 0,0125M (Se t I  0, Set I I  20 and Set I I I  40 % alcohc 
against O JM  NiCl^
Cone, of K^MoCcaDg in  K^MO(CN)g solution a 0,001M.
Set I
7 o l, of 
NiClo
Set I I Set I I I
Po t. vs S.C .e Vo l. of Pot. vs S.C*e Vol. of Pot.vs £
V o lt. HiCl2 Vo lt. NiCl. Vo lt.
0.0 cc 0.4681 0.0 cc 0.4035 0.0 cc 0.3250
0.5 cc 0.4780 0.5 cc 0.i^175 0.5 cc 0.3A20
1 .0 cc 0.4870 1.0 cc 0.4300 1.0 cc 0.3640
1.5 cc 0.5000 2.0 cc 0.4877 1.5 cc 0.3940
2.0 cc 0.5255 2.1 cc 0.5105 1.8 cc 0.4395
2.2 cc 0.5484 2.2 cc 0.5476 2.1 cc 0.5505
2.4 cc 0.5965 2.3 cc 0.5915 2.2 cc 0.5940
2.5 cc 0.6216 2.4 cc 0.6200 2.3 cc 0.6160
2.6 cc 0.6391 2.5 cc 0.6370 2.4 cc 0.6320
2.8 cc 0.6610 2.6 cc 0.6487 2.5 cc 0.6435
3.0 cc 0.6735 2.8 cc 0.6634 2.6 cc 0.6505
3.5 cc 0.6894 3.0 cc 0.6730 2.8 cc 0.6595
4.0 cc 0.6957 3.5 cc 0.6850 3.0 cc 0.6665
4.5 cc 0.7000 4.0 cc 0.6910 4.0 cc 0.6780
5.0 cc 0.7010 5.0 cc 0.7000 5.0 cc 0.6820
Curve (1 ) Curve (2 ) Curve (3)
F ig . 30 
10 cc of 0.0125M K^Mo(CN)g 
Set I  = 2.5 cc of 0.1M NiClg a 20 cc of 0.0125M NiClg
Set I I  = 2.4 cc of 0.1M NiClg ■ 19.2 cc of 0.0125M NiClg
Set I l i a  2.2 cc of 0.1M NiCl2 * 17*6 cc of 0.0125M NiCl^
i;: iTrilMrH!




10 cc K^Mo(cai)g 0.01M (Set I  0, Set I I  20 and Set I I I  40J^  alcohol) 
against 0.1M NiCl^
Cone, of K^Mo(CN)g in  K^Mo(CN)g solution r  0*001M
Set I  Set I I  Set I I I
Vol* o f Po t, vs S.C .e Vo l. of Po t. vs S.C .e Vo l. of Po t, vs S.G.* 




1 .0 cc 0.4871
1.4 cc 0.5032

















































































F ig . 31 
10 cc of 0.01M K^Mo(CN)g
^ 2.0 cc of 0.1M N iCl2 * ^^^^2
s 1 .9 cc of 0.1M NiClg 19 cc of 0.01M NiClg
•, 1.8 cc o f 0.1M NiClg a 18 cc of 0.01M NiCla
Reverse t itra t io n s : NlCl  ^ In  the c e ll
Table 37.
10 cc NiClg 0.02M (Se t I  0, Set I I  20 and Set I I I  40 % alcohol) 
against 0*05M K^Mo(CH)g*
Cone, of K^Mo(CN)g in  Kj^ M^o(CN)0  so lution - 0.001M
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Set I Set I I Set I I I
Vol* of Po t. vs S,C ,e Vo l. o f Po t. vs S.C .e Vo l. of Po t. vs S.0.€ 
Kj^ Mo(CN)g V o lt. K^Mo(CN)g V o lt. K4Mo(CN)g Vo lt.
0.0 cc 0.4862 0.0 cc 0.4350 0.0 cc 0.4370
0.1 cc 0.5690 0.1 cc 0.4870 0.1 cc 0.4740
o.a cc 0.6118 0.2 cc 0.5472 0.2 cc 0.5300
0.4 cc 0.6310 0.4 cc 0.6135 0.4 cc 0.6000
0.6 cc 0.6357 0.5 cc 0.6240 0.5 cc 0.6150
1 .0 cc 0.6370 0.7 cc 0.6325 0.7 cc 0.6220
1.4 cc 0.6302 1 .0 cc 0.6355 1”»1 cc 0.6310
1.6 cc 0.6200 1 .2 cc 0.6350 1 .3 cc 0.6320
1.7 cc 0.6130 1 .4 cc 0.6296 1 .5 cc 0.6295
1.8 cc 0.6037 1 .6 cc 0.6205 1 .7 cc 0.6255
1 .9 cc 0.5905 1 .8 cc 0.6042 1.9 cc 0.6105
2.0 cc 0.5736 1.9 cc 0.5880 2.0 cc 0.5980
2.1 cc 0.5500 2 *0 cc 0.5581 2.1 cc 0.5760
2.2 cc 0.5257 2.1 cc 0.5110 2.2 cc 0.5395
2.3 cc 0.5085 2.2 cc 0.4770 2*3 cc 0.4910
2.5 cc 0.4900 2.3 cc 0.4581 2.5 cc 0.4420
2.7 cc 0.4797 2.6 cc 0.4355 2.7 cc 0.4210
3.0 cc 0.4706 3.0 cc 0.4236 3.0 cc 0.4056
4.0 cc 0.4570 4.0 cc 0.4150 4*0 cc 0.3920
5.0 cc 0.4515 5*0 cc 0.4127 5.0 cc 0.3895
Curve ( 1) Curve (2) Curve (3)
F ig . 32 
10 cc of 0 .02M NiCl^
Curve (1 ) s 2.1 cc o f 0.05M K2^ Mo(CN)g s 5.25 cc of 0.02M K|^ Mo(CN)g
Curve (2 ) ^ 2 .0  cc o f 0.05M K4Mo(CN)g ^ 5.0 cc of 0.02M K^MoCCNig
Curve (3 ) s 2.0 cc of 0.05M K^MoCClDg « 5.0 cc of 0.02M K/^ Mo(CN)g
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Table 38.
10 cc NiClg 0.0125M (Se t I  0, Set I I  20 and Set I I I  40 % alcohol)
against 0.05M K.Mo(CN)
Cone, o f K ^ (C N )g  in  K^Mb(CN)g r  0.001M
Set :C Set I I Set I I I
V o l. of Po t. vs S.C .e Vol. of Po t. vs S.C .e Vo l. of Po t. vs S
K^Mo(CN)g V o lt. K4Mo(CN)g V o lt. K^Mo(C!I)g Vo lt.
0.0 cc 0.4640 0.0 cc 0.4470 0.0 cc 0.4540
0.1 cc 0.5400 0.1 cc 0.5050 0.1 cc 0.5305
0.2 cc 0.5830 0.2 cc 0.5580 0.2 cc 0.5735
0.3 cc 0.6140 0.3 cc 0.5920 0.3 cc 0.6000
0.5 cc 0.6210 0*4 cc 0.6130 0.5 cc 0.6240
0.7 cc 0.6200 0.5 cc 0.6160 0.7 cc 0.6240
0.8 cc 0.6167 0.7 cc 0.6163 0.9 cc 0.6200
0.9 cc 0.6110 0.9 cc , 0.6075 1 .0 cc 0.6161
1 .0 cc 0.6000 1 .0 cc 0.5980 1.1 cc 0.6055
1.1 cc 0.5847 1 .1 cc 0.5820 1 .2 cc 0.5870
1 #2 cc 0.5600 1 .2 cc 0.5490 1 *3 cc 0.5450
1.3 cc 0.5210 1.3 cc 0.4880 1 .4 cc 0.4740
1 .4 cc 0.4905 1 .4 cc 0.4600 1.5 cc 0.4410
1 .5 cc 0.4767 1.5 cc 0.4445 1 .6 cc 0.4280
1.6 cc 0.4680 1.6 cc 0.4365 1 .8 cc 0.4160
1.8 cc 0.4570 1 .8 cc 0.4265 2.0 cc 0.40852.0 cc 0.4515 2.0 cc 0.4205 2.5 cc 0.4025
3.0 cc 0.4395 3.0 cc 0.4110 3.0 cc 0.3995
4.0 cc 0.4370 4.0 cc 0.4100 4.0 cc 0.3995
5.0 cc 0.4360 5.0 cc 0.4100 5.0 cc 0.3994
Curve (1 ) Curve (2) Curve (3)
P ig . 33 
10 cc of 0.0125M NiClg 
Curve (1) 1.3 cc of 0.05M K^Mo((3N)g a 5*2 cc of 0.0125M K^Mo(CN)g
Curve (2 ) « 1.25 cc of 0.05MK4Mo(CN)g = 5.0 cc of 0.0125M K4Mo(CN)g
Curve (3 ) s 1.25 cc o f 0.05M K4Mo(CN)g= 5.0 cc of 0.0125M K^Mb(CN)g
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Table 39.
10 cc NlCl^ 0*01M (Se t I  0, Set I I  20 and Set I I I  40 i  alcohol) 
against 0.05M K^Mo(CN)g
Cone, of K3Mo(CN)g in  Kj^ Mo(CN)g solution - 0.001M
Set I Set I I Set I I I
V o l. of Po t, vs S.C .e Vo l. of Pot* vs S.C .e Vol. of Pot. vs S.C. 
K^Mo(CN)g V o lt. K^Mo(CN)g V o lt. K^Mo(CN)g Vo lt.
0.0 cc 0.4570 0.0 cc 0.4380 0.0 cc 0.4385
0*1 cc 0.5170 0.1 cc 0.4800 0.1 cc 0.4870
0.2 cc 0.5680 0.2 cc 0.5430 0.2 cc 0.5490
0.3 cc 0.5983 0.3 cc 0.5845 0.3 cc 0.5840
0*4 cc 0.6190 0.4 cc 0.6000 0.4 cc 0.6025
0.5 cc 0.6140 0.5 cc 0.6035 0.6 cc 0.6125
0.7 cc 0.6030 0.7 cc 0.5965 0.7 cc 0.6085
0.9 cc 0.5770 0.8 cc 0.5840 0.8 cc 0.6005
1.0 cc 0.5450 0.9 cc 0.5605 0.9 cc 0.5835
1 .1 cc 0.5030 1 .0 cc 0.5120 1 .0 cc 0.4980
1.2 cc 0.4785 1 .1 cc 0.4640 1 .1 cc 0.4450
1.3 cc 0.4667 1.2 cc 0.4410 1 .2 cc 0.4245
1 .4 cc 0.4590
0.4540
1 .3 cc 0.4362 1.3 cc 0.4125
1.5 cc 1.4 cc 0.4310 1.5 cc 0.4030
1.7 cc 0.4480 1 .6 cc 0.4236 1 .7 cc 0.3975
0.39402.0 cc 0.4420 1.8 cc 0.4195 2.0 cc
3.0 cc 0.4355 2.0 cc 0.4170 2.5 cc 0.3910
4.0 cc 0.4335 3.0 cc 0.4120 3.0 cc 0.3915
5.0 cc 0.4330 5.0 cc 0.4125 5.0 cc 0.3930
Ciirve (1) Curve (2) Curve (3)
F ig . 34 
10 cc 0.01 M NiCl^ 
Curve (1 ) 5 1*0 cc of 0.05M K4Mb(CN)g
Curve (2 ) a 1 .0 cc o f 0.05M K4Mo(Cai)g
Curve (3 ) r  1.0 cc o f 0.05M K4Mo(CN)g
5.0 cc of 0.01M IQ^Mo(OT)g
5.0 cc o f 0.01 M K^MoCCN)^
5.0 cc of 0.01M K^MoCCN)^
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Table 40,
10 cc K^Mo(CN)g 0.02M (Se t I  0, Set I I  20 and Set I I I  40 % alcohol) 
against 0.1 M CoClg
Cone, of K3Mo(CN)g in  Kj^ Mo(CN)g solution - O.OOIM
Set I Set I I Set I I I
Vo l. of Pot* vs S.C .e Vo l. o f Pot* vs S.C .e Vo l. of Po t. vs S.C.e 
CoClg V o lt. CoClg V o lt. CoClg Vo lt.
0.0 cc 0.4570 0.0 cc 0.4005 0.0 cc 0.3590
0.5 cc 0.4657 0.5 cc 0.4120 0.5 cc 0.3706
1 .0 cc 0.4705 1.0 cc 0.4182 0.8 cc 0.3764
2.0 cc 0.4780 2.0 cc 0.4315 1 .2 cc 0.3840
3.0 cc 0.4935 3.0 cc 0.4560 2.0 cc 0.4020
3.2 cc 0.4982 3*4 cc 0.4660 3.0 cc 0.4375
3.4 cc 0.5055 3*6 cc 0.4762 3.2 cc 0.4520
3.6 cc 0.5166 3.8 cc 0.4950 3.4 cc 0.4835
3.8 cc 0.5350 3.9 cc 0.5050 3.6 cc 0.5315
cc 0.5485 4.0 cc 0.5145 3.8 cc 0.5685
4.0 cc 0.5727 4.1 cc 0.5360 3.9 cc 0.5800
4.1 cc 0.6035 4.2 cc 0.5080 4.0 cc 0.5885
4.2 cc 0.6230 4.3 cc 0.5930 4.1 cc 0.5940
4.3 cc 0.6340 4.4 cc 0.6120 4.3 cc O.6O67
cc 0.6490 4.5 cc 0.6230 4.5 cc 0,6125
4.7 cc 0.6590 4.7 cc 0.6350 4.7  cc 0.6180
5*0 cc 0.6705 5.0 cc 0.6465 5*0 cc 0.6235
cc 0.6795 5.5 cc 0.6562 5*5 cc 0.6295
6.0 cc 0.6900 6.0 cc 0.6630 6.0 cc 0.6365
7.0 cc 0.6960 7.0 cc 0.6690 7.0 cc 0.6450
8.0 cc 0.6971 8#0 cc 0.6750 8.0 cc 0.6505
Curve (1) Curve (2 ) Curve (3)
F ig . 35 
10 cc of 0.Q2M K4Mo(CK)g
Curve (1) s  4.0 cc of O.IM CoCl^ r  20 cc o f 0.02M CoCl^
Curve (2) ;  4.1 cc of O.IM CoCl2 * 20.5 cc o f 0.02M CoCl^




10 cc K^Mb(CN)g 0.0125M (Se t I  0, Set I I  20 and Set I I I  40 % alcohol) 
against 0,1M CoCl^
Cone, of K^MoCCN)^  in  K^MoCCN)^  solution = 0.001 M
Set 1 Set I I  Set I I I
Vo l. of Po t. vs S.C .e Vol. of Po t. vs S.C .e Vol. o f Po t. Vs S.C.e 
CoClg Vo lt. CoCl^ F o lt . CoCl^ V o lt.
0.0 cc 0.4626 0.0 cc 0.3987 0.0 cc 0.3223
0.5 cc 0.4741 0.5 cc 0.4122 0.5 cc 0.336?
1 .0 cc 0.4830 1 .0 cc 0.4225 1.0 cc 0.3500
1.5 cc 0.4910 1.5 cc 0.4360 1 .5 cc 0.3705
2.0 cc 0.5055 2.0 cc 0.4595 2.0 cc 0.4107
2.2 cc 0.5205 2.2 cc 0.4754 2.2 cc 0.4578
2.3 cc 0.5310 2.3 cc 0.4875 2.3 cc 0.5215
2.4 cc 0.5460 2.4 cc 0.5050 2.4 cc 0.5554
2.5 cc 0.5710 2.5 cc 0.5300 2.5 cc 0.5768
2.6 cc 0.6090 2.6 cc 0.5520 2.6 cc 0.5920
2.7 cc 0.6385 2.7 cc 0.5790 2.7 cc 0.6050
2.8 cc 0.6600 2.8 cc 0.5945 2.8 cc 0.6126
2.9 cc 0,6725 2.9 cc 0.6050 2.9 cc 0.6200
3.0 cc 0.6812 3.0 cc 0.6150 3.0 cc 0.6260
3.5 cc 0.7005 3.5 cc 0.6460 3.5 cc 0.6410
4.0 cc 0.7118 4.0 cc 0.6620 4.0 cc 0.6495
5.0 cc 0.7212 5.0 cc 0.6795 5.0 cc 0.6562
6.0 cc 0.7280 6.0 cc 0.6895 6.0 cc 0.6600
8.0 cc 0.7335 8.0 cc 0.6970 8*0 cc 0.6628
Curte (1 ) Curve (2 ) Curve (3)
F ig . 36 
10 cc o f 0.0125M K^MoCcaDg
Curve (1 ) s 2.6 cc o f 0.1K CoCl^ a 20.8 cc o f 0.0125M CoClg
Curve (2) *  2.6 cc of 0.1M CoClg s. 20.8 cc of 0.0125M CoCl^
Curve (3 ) ^ 2.5 cc o f 0.1M C0CI2 »  20 cc of 0.0125M CoClg
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Table 42.
10 cc K2^ Mo(CN)g 0,01M (Se t I  0, Set I I  20 and Set I I I  40 ^ alcohol) 
against 0.1M CoClg
Cone, of K^MoCCH)^  In  K^Mo(CN)g solution s  0.001M
Set I Set I I Set I I I
V o l. of Po t. vs S.C .e Vo l. o f Po t. vs S.C .e Vo l. of Po t. vs S.C.e 
CoClg V o lt. CoClg V o lt. CoCl^ Vo lt.
0.0 cc 0.4665 0.0 cc 0.4122 0.0 cc 0.3600
0.5 cc 0.4820 0.5 cc 0.4270 0,5 cc 0.3770
0.7 cc 0.4842 0.8 cc 0.4345 1 .0 cc 0.3955
1.0 cc 0.4907 1.0 cc 0.4365 1 .2 cc 0.4042
1*2 cc 0.4955 1 .2 cc 0.4430 1 .4 cc 0.4166
1.5 cc 0.5070 1 .4 cc 0.4490 1.6 cc 0.4360
1.7 cc 0.5196 1 .6 cc 0.4615 1 .8 cc 0.4740
1.8 cc 0.5290 1.8 cc 0.4763 1 .9 cc 0.5170
1.9 cc 0.5445 1 .9 cc 0.4880 2.0 cc 0.5700
2.0 cc 0.5730 2.0 cc 0.5077 2.1 cc 0.6000
2.1 cc 0.6185 2.1 cc 0.5695 2.2 cc 0.6203
2.2 cc 0.6474 2.2 cc 0.6150 2.3 cc 0.6350
2.3 cc 0.6650 2.3 cc 0.6385 2.5 cc 0.6535
2.4 cc 0,6755 2.4 cc 0.6560 2.7  cc 0.6650
2.6 cc 0.6890 2.6 cc 0.6765 3.0 cc 0.6745
3.0 cc 0.7005 3.0 cc 0.6980 3.5 cc 0.6835
4.0 cc 0.7145 4.0 cc 0.7195 4.0 cc 0.6900
5.0 cc 0.7245 5.0 cc 0.7250 5.0 cc 0.6960
Cm*ve (1) Curve (2) Curve (3)
F ig . 37 
10 cc o f 0.01M K^Mo(CN)g
Curve (1 ) s 2,0 cc of 0.1M C0CI2 s  20 cc of 0.01M CoCl2
Cui've (2 ) s 2,0 cc of 0.1M C0CI2 a, 20 cc of O.OIM CoClg
Curve (3 ) a 2.0 cc of 0.1M C0CI2 s  20 cc o f O.OIM CoCl^
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Reverse titra tio n s t CoCl^ in  th e _c^ ll.
Table 43.
10 cc CoClg 0,02M (Se t I  0, and Set I I  20 % alcohol) 
against 0.05M Ky^Mo(CN)g
Cone, of K^Mo(CN)g in  Kj^Mo(CN)g solution 0.001M 
Set I  Set I I
Vo l. of K^Mo(CN)g Po t. vs S.C .e 
V o lt.
Vo l. of K.Mo(CN)^4 8
0.0 cc 0.3060 0.0 cc
0.1 cc 0.3700 0.1 cc
0.2 cc 0.4350 0.3 cc
0,3 cc 0.4660 0.5 cc
0.5 cc 0.5270 0.8 cc
0.7 cc 0.5500 1 .0 cc
1 .2 cc 0.5630 1 .2 cc
1 *6 cc 0.5550 1 .4 cc
1.8 cc 0.5325 1.6 cc
1.9 cc 0.5150 1.8 cc
2.0 cc 0.4930 1.9 cc
2*1 cc 0.4750 2.0 cc
2.2 cc 0.4620 2.2 cc
2.3 cc 0.4545 2.3 cc
2.4 cc 0.4490 2*4 cc
2.6 cc 0.4420 2.8 cc
3.0 cc 0.4340 3.0 cc
3.5 cc 0.4300 3*5 cc





















Cur^e (1 ) Curve (2)
F ig . 38 
10 cc o f 0.02M CoCl^
Curve (1 ) r  2.0 cc o f 0.05M K|^Mo(CN)g a 5.0 cc o f 0.C2M K^MoCCN)^  
Curve (2 ) *  2.0 cc of 0.05M K4Mo(CN)8 a 5.0 cc of 0.02M K^Mo(CN)g
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Table 44.
10 cc CoClg 0.0125M (Se t I  0 and Set I I  20 ^ alcohol) 
against 0,05M K^Mo(CN)g
Cone, of K^Mo(CN)g in  K^MoCCN)^  solution = 0.001M 
Set I  Set I I
V o l. of K,Mo(CN)o Po t. vs S.C .e
____________^ 8 V o l t .
Vol. of K;M6(CN)q Pot. vs S.C.e 
__________ ^ ^  V o lt.
0.0 cc 0.3100 0.0 cc 0.3005
0.1 cc 0.3555 0.2 cc 0.3050
0.2 cc 0.1*200 0.4 cc 0.3120
0.3 cc 0.4710 0.6 cc 0.3290
0.4 cc 0.5145 0.8 cc 0.3470
0.5 cc 0.5405 0.9 cc 0.3460
0.6 cc 0.5580 1 .0 cc 0.3780
0.8 cc 0.5550 1 .1 cc 0.3900
0.9 cc 0.5495 1 .2 cc 0.4020
1 .0 cc 0.5390 1 «3 cc 0.4260
1.1 cc 0.5195 1 .4 cc 0.4200
1 *2 cc 0.4910 1.6 cc 0.4125
1 .3 cc 0.4665 1.7 cc 0.4080
1 .4 cc 0.4520 1 .8 cc 0.4030
1 .5 cc 0.4440 2.0 cc 0.3985
1.8 cc 0.4310 2.1 cc 0.3970
2.2 cc 0.4240 2.2 cc 0.3960
2.7  cc 0.4200 2.4 cc 0.3950
3.0 cc 0.4190 2.6 cc 0.3945
4.0 cc 0.4175 3.0 cc 0.3945
Curve (1) Curve (2)
F ig . 39 
10 cc of 0.0125M CoCl^
2 1.25 cc of 0.05M C0CI2 Typical potentiometric
r  5 cc of 0.0125M C0CI2 curve is  not obtained
10 cc o f 0.0125M C0CI2
Curve (1)s1.25 cc o f 0.05M C0CI2 * 5.0 cc o f 0.0125K CoClg
Curve (2 )*Typ ica l potentiom etric curve is  not obtained.
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Table 45.
10 cc CoCl^ 0.01M (Se t I  0 and Set I I  20 % alcohol) 
against 0.05M K^Mo(CN)g
Cone, o f K^MoCCSDg in  K^Mo(CN)g solution s O.OOIM
Set I  Set I I
V o l. of K.Mo(CN)q Po t. vs S.C .e Vo l. of K.MoCCN)^ Po t. vs S.C .e 
 ^ °  V o lt. ^ °  ■5r«i+-V o lt.
0.0 cc 0.3805 0.0 cc 0.2810
0.1 cc 0.4255 0.1 cc 0.2840
0.2 cc 0.4720 0.2 cc 0.2880
0.3 cc 0.5000 0.4 cc 0.2950
0*4 cc 0.5220 0.6 cc 0.3080
0.5 cc 0.5340 0.8 cc 0.3235
0.6 cc 0.5400 0.9 cc 0.3340
0.7 cc 0.5280 1 .0 cc 0.3410
0.8 cc 0.5260 1 .1 cc 0.3475
0.9 cc 0.5030 1 .2 cc 0.3530
1.0 cc 0.4730 1 .3 cc 0.3560
1.1 cc 0.4550 1 .5 cc 0.3640
1 .2 cc 0.4420 1 .7  cc 0.3670
1.3 cc 0.4370 1 .9 cc 0.3695
1 .5 cc 0.4300 2.1 cc 0.3720
2 .2 cc 0.4200 2.5 cc 0.3765
3.0 cc 0.4170 3.0 cc 0.3795
4.0 cc 0.4155 4.0 cc 0.3865
Cttpve (1) Curve (2)
F ig . 40 
10 cc o f 0.01M CoCl^
C3urve (1) a 1 .0 cc of 0.05M K^ M^oCC^ Dg 5 5*0 cc of 0.01M K^Mo(CN)g 




Suramary of the results on potentlometrlc titra tio n s  
T itra tions between copper sulphate and potassium molvbdocyanlde. 
D irect ; Kj^Mo(CN)n in  the c e l l .
Vo l. and Cone, 
o f K^Mo(CN)g
Vo l. of 0,1M Vo l. of CuSO,







Cu^ "^ ; Mo(CN)
4-
8
10 cc, 0.02M 








2 : 1 
2 : 1 
2 i 1
Reverses CuSO^ ^ in  the c e ll*
V o l. and Cone, 
o f CuSOji^
V o l. of 0.05M 
K^Mo(CN)g from
the curves






10 cc, 0.04M 4*0 cc 5.0 cc 2 : 1
10 cc, 0.02M 2*0 cc 5*0 cc 2 : 1
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Table H.
T itra tio n  between cuprous chloride and potassium molvMicvanlde 
Dlrec_t; K l^fo(ca^)g In  the .c e ll.
Vo l. and Cone* 
o f K3Mo(CN)g
Vol. o f 0,0794m 
CU2CI2 from the
curves
Vo l. o f Cu Cl^ 
equivalent^ 
to 5 cc 
K^Mo(CN)g
Ratio
Cu”^  : Mo(CN)33-
5 cc, 0,027612 
5 cc, 0.0368M 
5 cc, 0.046m
1 .0 cc 2*0 cc 2,8 cc
1 .3 cc 2,6 cc 2.8 cc
1,6 cc 3*2 cc 2.78cc
5.6 cc 1.12:2 1.12:1
5.6 cc 1.12*2 1.12:1
5.56 cc 1.10:2 1.12:1
Reverse : CugClg in. the c e l l .
Vo l. o f 0.046M 
K^Mo(C5N)g from
the curves







5 cc, 0.0397M 3.9 cc 7*7 cc 4.4 cc 8.9 cc 1.12:1 1.13:2
5 cc. 0.0619M 6.0 cc 12.0 cc 4.4 cc 8.92CC 1.14:1 1.14:2
5 cc, 0.0794m 7*2 cc 14.4 cc 4.2 cc 8,4 CC 1.19:1 1.19:2
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Table I .
STMmary o f the results on potentiometrlc titra tio n s  
T itra tio n s betveen n icke l chloride and potassium molvbdocyanlde
D irect : Kj;^Mo(CN) q in  the c e l l<





Vo l. of 0.1M Vo l. o f N1C12 Hatlo
NiCl^ from equivalent /,
the curves to 10 cc Ni sMo(CN)p
Kj^ Mo((3N)g °
10 cc, 0.02M 0 3.S cc 19.0 cc 2 : 1.05
10 cc. 0.02M 20 3.7 cc 18.5 cc 2 s 1.08
10 cc. 0.02M 40 3*5 cc 17.5 cc 2 t 1*10
10 cc. 0.0125M 0 2.5 cc 20.0 cc 2 •• 1
10 cc, 0.0125M 20 2.4 cc 19.2 cc 2 •• 1.04
10 cc, 0.0125M 40 2.2 cc 17.6 cc 2 : 1 .10
10 cc, 0.01M 0 2.0 cc 20.0 cc 2 : 1
10 cc, 0.01M 20 1.9 cc 19.0 cc 2 : 1.0510 cc. 0.01M 40 1.8 cc 18.0 cc 2 •♦ 1.1
Reverse; NiOl  ^ in  the c e l l .








Vol. of K^Mo(CN)g Probab 
equivalent to Ratio
10 cc NiCl^ Nl-^:Mo(CN
10 cc. 0.02M 0 2.1 cc 5.25 cc 2 : 1.05
10 cc, 0.02M 20 2.0 cc 5.0 cc 2 • 1
10 cc, 0.02M 40 2.0 cc 5.0 cc 2 •• 1
10 cc. 0.0125M 0 1 .30 cc 5.2 cc 2 : 1.04
10 cc, 0.0125M 20 1 .25 cc 5.0 cc 2 : 1
10 cc. 0.012 5M 40 1 .25 cc 5.0 cc 2 : 1
10 cc. 0.01M 0 1.0 cc 5.0 cc 2 t 1
10 cc. 0.01M 20 1.0 cc 5.0 cc 2 : 1
10 cc, 0.01M 40 1.0 cc 5.0 cc 2 1
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Table J*
Simmary of the resultson potentlom etrlc titra tio n s  
D irect : Kj;^Mq(CN)^ in  the c e l l .
Vol. o f CoClgV o l. and Cone. Percentage Vo l. of 0.1M 






10 CCy 0.02M 0 4.0 cc 20.0 cc 2 : 1
10 cc, 0,02M 20 4.1 cc 20.5 cc 1.05I: 1
10 cc, 0.Q2M 40 3.6 cc 18.0 cc 2 : 1.1
10 cc. 0.0125M 0 2.6 cc 20.S cc 2 .04:1
10 cc, 0.012 5M 20 2.6 cc 20.8 cc 2 .04:1
10 cc. 0.012 5M 40 2.5 cc 20.8 cc 2 : 1
10 cc, 0.01M 0 2.0 cc 20.0 cc 2 : 1
10 cc. 0.01M 20 2.0 cc 20.0 cc 2 I 1
10 cc, O.OIM 40 2.0 cc 20.0 cc 2 : 1
Reverse ; CoCl  ^ in  the c e l l .
Vo l. and Cone. Percentage Vol. o f 0.05M Vol. of K,Mo(CN)q Probable 
ofCoC]^ alcohol K^ Mo^ )  equivalent to ® ^ H atlo  .
------ 1 6  c c  O o C l j  M o C C lO j
from 
the curves
10 cc, 0.02M 0 2.0 cc 5.0 cc 2 t 1
10 cc. 0.02M 20 2.0 cc 5.0 cc 2 : 1
10 cc, 0.0125M 0 1*25 cc 5*0 cc 2 I 1
10 cc, 0.0125M 20 Typical ctarve is  not obtained
10 cc. 0.01M 0 1 *0 cc 5«0 cc 2 : 1
10 cc, 0.01M 20 T^rpical ciipve is  not obtained.
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Amperometrlc t itra t io n s .
Amperometric titra tio n s  between copper sulphate and 
potassium molylDdocyanl(ie were carried  out using potassium 
chloride as supporting e lectro ly te  and ge latin  as the maximum 
suppressor* The concentration of potassium chloride in  the 
so lution was kept 0.1M and that of ge latin  0,01 Both 
directCpotassium molybdocyanide in  the c e ll)  and reverse 
(copper sulphate in  the c e ll)  t itra tio n s  were carried out 
w ith d iffe ren t concentrations of the reactants given as follov/s: 
D ire c t:
1. 0.6 cc of 0.05M K^Mo(CN)g  ^ 2 cc KCl 1M f  2 cc gelatin
0,1 ^ + 15*4 cc water against O.IM CuSO/^ *^
2 . 1,0 cc of 0.05M K^Mo(CN)g t  2 cc KCl 1M r  2 cc gelatin
0.1 ^ t  15*0 cc water against O.IM CuSOj|^ .
3 . 1.5 cc of 0.05M Kj^Mo(CN)g -V 2 cc KCl 1M f  2 cc gelatin
0,1 ^ t  14.5 cc water against O.IM CuSO^ j^ #
Reverse:
1 • 0.6 cc of O.IM CuSO/^  2 cc of 1M KCl t  2 cc gelatin
0.1 % ^ 15.4 cc water against O.IM K^Mo(CN)g.
2 . 1.0 cc of O.IM CuSO  ^ t  2 cc of 1M KCl 2 cc gelatin
0.1 % t  15.0 cc water against O.IM K/jMoCCN)g
3 . 1.5 cc of O.IM CuSO  ^ t  2 cc of 1M KCl -V 2 cc gelatin
4 14.5 cc water against O.IM K^Mo(CN)g
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Apparatus and Procedure:
Fisher Slecdropode (s e n s it iv ity  10 x fo r Cu”*’-' and 
and 5 x fo r Ni^^) w ith M u ltiflex  galvanometer (type MGF 2, 
s e n s itiv ity  1 : 10) in  the external c ir c u it  was used for 
carrying out these t itra t io n s .
In  order to carry out amperometric t itra tio n s , the 
constant po ten tia l to be applied during the course of the 
titra tio n s  was f i r s t  o f a l l  determined, taking in  the polaro- 
graphic c e ll 1 cc of 0.1M CuSO^  ^ solution in  0,1M KCl and 0.01 $ 
g e la tin , the to ta l volume made upto 20 cc Nitrogen gas 
(p u rified  a fte r passing through a lka line  pyragallo l and chromous 
ch loride) was passed fo r keeping an in e rt atmosphere. The 
c e ll was kept immersed in  a thermostat maintained at 30 % 0.1®C. 
The drop time was kept a t 3.2 sec.
Table 46.
Polarogram of copper sulphate in  potassium ch lo ride .
20 cc of 5.0 X 10“ M^ CuSO  ^ in  0.1M KCl and 0,01 $ ge latin
V o lt. Current « V o lt. Current
(amp. 4.4 x 10“ ° )  (amp. 4.4 x 10 )
0 11.75 0.9 23.50
0.1 17.50 1.0 23.50
0.2 23.50 1.1 23.50
0.3 23.50 1 .2 23.50
0.4 23.50 1.3 23.50
0.5 23.50 1.4 23.50
0.6 23.50 1.5 23.50
0.7 23.50 1.6 23.50
0.8 23.50 1.7 23.50
( F ig .  41.)
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Polarogram was drawn and from the plateau the po tential 
to be applied fo r the amperometric titra tio n s  was, found out.
A p o ten tia l of -0,4 vo lt was applied in  the titra tio n s  between 
copper sulphate and potassium molybdocyanide. The readings 
fo r the d ire c t and reverse titra tio n s  are tabulated below.
D irect titra tio n s  ; KijMo(CN)^  in  the c e ll.
Table 4?*
20 cc of 0.0015M K^Mo(CN)g against 0.1M CuSO^.
V o l. of 
CuSO^
Current a 
Camp. 4.4 x 10 ) V o l. of 
CuSO^
Current  ^
(amp. 4.4 x 10 )
0*0 cc 0 0.6 0.50
0.1 cc 0.25 0.7 3.25
0,2 cc 0.25 G.8 5.0
0.3 cc 0.25 0.9 7.0
0.4 cc 0.25 UO 9.25
0.5 cc 0.25
(F ig . 42 curve 1 ).
20 cc of 0.00125M K2^ Mo(CN)8
z 0.6 cc o f 0.1M CuSO  ^ s 40 cc of 0.001 5M CuS02^
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Table 48.
20 cc o f 0.0025M Ki Ko{CS)q against 0.1M CuSO^
“ 8V o l. o f Current CuSO|^  (amp. 4.4 x 10
V o l. of 
CuSOjij.
Current 
(amp. 4.4 x 10 )
0.0 cc 0 0.8 0.25
0.1 cc 0.25 0,9 0.25
0,2 cc 0.25 1.0 0.75
0.3 cc 0.25 1.1 2.25
0.4 cc 0.25 1.2 4.50
0.5 cc 0.25 1.3 6*0
0.6 cc 0.25 1.4 8.5
0.7 cc 0.25 1.5 11.5
1.6 13.5
(F ig . 42, curve 2)
20 cc o f 0.0025M Kj^ Mo(CN)g
s 1.0 cc of 0,1 M CUSO4 at 40 cc o f 0.002514 K4Mo(CN)q
Table 49.
•
20 cc of 0.00375M K^Mo(CN)g against 0.1M CuSO^
V o l. of Current -q Current «
CuSOa (arap. 4.4 x 10 ) V o l. of (amp, 4.4 X 10“ ^)*r CuSO^
0.0 cc 0 1 .2 0.25
0.1 cc 0.25 1.4 0.25
0«2 cc 0.25 1.5 1.50
0.3 cc 0.25 1.6 4.0
0.5 cc 0.25 1.7 5.75
0.7 cc 0.25 1.8 7.75
0,9 cc 0,25 1.9 9.75
1 .0 cc 0,25 2.0 12.50
(F ig . ij2 curve 3)
20 cc of 0.00375M K^Mo(CN)g
z 1.5 cc of 0.1M CuSOj^  m 40 cc of 0.00375M CuSO^
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Reverse titra tio n s  ; CuSO^  ^ in  the c e ll.
Table 50*
20 cc o f 0.003M CuSO  ^ against 0.1M K^Mo(CN)g
V o l. o f Current .q  Vo l. of Current
K/j^ Mo(CN)g (amp. 4.4 x 10 ) K2^ Mo(CN)g (amp. 4.4 x 10 )
0.0 cc 13.5 .  0.25 3.25
0.05cc 12.0 0.30 1.25
0.1 Occ 9.5 0.35 0.25
0.1 5cc 7.5 0.40 0.25
0.20cc 5.25 0.45 0.25
(F ig . 43, curve 1)
20 cc of 0.003M CuSO^
i  0.3 cc of 0.1M K;|^ Mo(CN)g 2 10 cc of 0.003M K^Mo(CN)g
Table 51.
20 cc of 0.0075M CUSO4 against 0.1M K4Mo(CN)^
Drop time s 3.2 sec. °
V o l. o f Current -o V o l. o f Current -q
K^Mo(CN)g (amp. 4.4 x 10 ) K2^ Mo(CN)g (amp. 4.4 x 10 )
0.0 cc 23.0 0.6 0.25
0.1 cc 18.5 0.7 0.25
0.2 cc 13.5 0.8 0.25
0.3 cc 9.25 0.9 0.25
0.4 cc 4.75 1.0 0.25
0.5 cc 1.0
(P ig . 43, curve 2)
20 cc of 0.005M CuSOji^
0.5 cc of 0.1M K4Mo(CN)g - 10 cc of 0.005M K4M0(ClI)g
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Table 52.
20 cc o f 0.0075M CuSO  ^ against 0.1M K^Mo(CN)g
V o l. o f Current .g  V o l. o f Current «q
K^MoCCN)g (amp. 4.4 x 10 ) K/j^ Mo(CN)g (amp, 4.4 x 10 )
0.0 cc 34.75 0.7 1.50
0.1 cc 28.50 0.8 0.25
0.2 cc 23.50 0.9 0.25
0.3 cc 20.00 1.0 0.25
0.4 cc 14.25 1.1 0.25
0.5 cc 9.25 1.2 0.25
0.6 cc 5.00
(F ig . 43, curve 3 ).
20 cc of 0.0075M CUSO4 
= 0.72 cc o f 0.1M Kj|^ Mo(CN)g 
= 9.6 cc o f 0.0075M K4Mo(CN)g
Amperometric titra tio n s  between n icke l ch loride and 
potassium molybdocyanide were carried  out using ( i )  potassium 
ch loride as supporting e le c tro ly te  and sodium methyl red as 
maximum suppressor and ( i i )  calcium chloride as supporting 
e le c tro ly te . A 0.04 % stock so lu tion  o f methyl red was 
prepared by d isso lving  0.1g of the ind icato r in  0.01N sodium 
hydroxide, adding very d ilu te  ( 0 .001N) sulphuric acid dropwise 
u n t il the yellow  colour ju st begins to change in to  orginge, and 
d ilu tin g  to 250 cc . Since methyl red it s e lf  gives both anodic 
and cathodic waves at a dropping mercury electrode. The 
optimum concentration of methyl red in  the f in a l solution was 
kept 0.0002 corresponding to 0.1 cc of the stock 0.04 % 
so lu tion  in  each 20 cc of the so lu tio n .
A polarogram of n icke l ch loride using potassium chloride
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as supporting e le c tro ly te  and sodium methyl red as maximum 
suppressor w ith Elecdropode s e n s itiv ity  a t 5 X and that of 
M u ltiflex  galvanometer a t 1 : 10 was taken in  order to determine 
the constant p o ten tia l to be applied during the course of the 
amperometric t itra tio n s  between n ick e l ch loride and potassium 
molybdocyanide.
Table 53•
Polarogram of n ick e l ch lo ride.
20 cc o f 0.005M NiCl^ in  0.1M KCl and 0,0002 ^ sodium methyl red
V o lt. Current © 
(amp. 2.2 x 10
Vo lt Current 
(amp, 2.2 X 1
0.0 0 1.0 21 .25
0.1 0 1.1 43.75
0*2 0 1.2 46.50
0.3 0 • 1.3 47.25
0.4 0 1.4 48.25
0.5 0.25 1.5 48.25
0,6 0.25 1.6 48.50
0.7 0125 1*7 48.50
0.8 0 ,25 1.8 48.50
0.9 2 75
A potent
(F ig * 44 )
_al of -1.27 was applied in  a l l  the amperometric
titra tio n s  carried  out between n icke l ch loride and potassium
molybdocyanide using potassium ch loride as supporting e lectro ly l
t . .  t±' '1 '^ - ‘ ‘ .
l i ill
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Both d ire c t  (n ic k e l ch lo rid e  in  the c e l l )  and reverse  
(K^Mo(CN)g in  the c e l l )  t it r a t io n s  were ca rrie d  ou t. The 
re s u lts  are tabu lated  as fo llo \ fs :
Table 54.
D ire c t; Kj H^o(CI?)n in  the c e l l *
20 cc o f 0.0025M K^Mo(CN)g aga in st 0,1M N iC l^ .
V o l. o f Current p V o l. o f Current
N iC lg (amp. 2.2 x 10 N iC l^ (amp. 2.2 x 10 ^)
0*0 cc 1.25 0.9 cc 9.50
0.1 cc 4.0 1 *0 cc 11 .0
0.2 cc 6.0 1.1 cc 13.5
0.3 cc 7.25 1.3 cc 19.5
0 .4  cc 7.0 1 *5 cc 26.0
0.5 cc 7.0 1 .7  cc 32 .25
0 .7  cc 8.25 2 .0  cc 46.0
(F ig .  45, curve 1)
20 cc o f 0.0025M K,Mo(CN)g
s 1.0 cc o f 0.1M N iC l2 - 40 cc o f 0.002514 H iC lg
Table 55.
20 cc o f 0*003M K^Mo(CN)3 ag a in st O.IM N iC l2
V o l. o f Current _.o V o l. o f Current
N iC l^ (amp, 2.2 X 10 ° )  N iC l2 (Amp. 2.2 x 10
0.0  cc 0.5 0.9 9.5
0.1 cc 3.5 1.0 10.0
0.2 cc 5.25 1.1 10.75
0.3 cc 6.50 1.2 12.5
0 .4  cc 7.75 1.3 15.75
0.5  cc 8.5 1.4 18.75
0,6 cc 9 .0  . 1.6 25.15
0 .7  cc 9.0 1 .8 32.50
0.8 cc 9.5 2 .0 39.50
( F ig . 45, curve 2)
20 cc o f 0.003M K4Mo(CN)g
1 .2 cc o f 0,1M N iC l2 *  40 cc o f 0.003K N iC l2
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Table 56.
20 cc o f 0.00375M K^jMoCQOg ag a in st 0.1M N iC l^
V o l. o f Current _q V o l. o f Current _q
N iC lg  (amp. 2.2 x 10 N iC l^ (amp. 2.2 x 10
0.0 cc 0.5 1.4 10.5
0.1 cc 3 .0 1.5 11.75
0.2 cc 5.25 1.6 14.25
0.3 cc 6.75 1.S 19.5
0 .4 cc 7.25 2 .0 26.0
0.5 cc 7.75 2.2 32.5
0 .7 cc 8.5 2 .4 39.0
0.9 cc 8.5 2 .6 45.5
1 .1 cc 8 .0 2.8 52.5
1.3 cc 9.0 3 .0 58.75
(F ig .  45, curve 3)
20 cc o f 0.00375M ]iC^Mo(CN)
= 1<.5 cc o f 0.1M K iC l2 3 40 cc o f 0.00375M NiClg
Reverse: N iC lo in  the c e l l f
Table 57.
20 cc of 0.003M N iC lg ag a in st 0 .1M K^Mo(CN)g
Vo l., o f Current .■ft V o l. o f Current « qKj|^Mo(CU)g (amp. 2.2 x 10 K^Mo(CN)g (Amp. 2.2 X 10 )
0 .0 cc 28.5 0.5 8.75
0.1 cc 23.75 0.6 8.25
0.2 cc 17.0 0.7 8.0
0.3 cc 12.0 0.9 7.75
0 .4 cc 9.75 1.0 7.5
(P ig .  46, curve 1)
20 cc o f 0.003M NiCl^
i  0.35 cc o f 0,1M K/^Mo(CN)g i  10.16 cc o f 0.003M NiCl^
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Table 58•
20 cc o f 0.005M N iC l2 ag a in st 0.1M K^Mo(CN)g
V o l. of 
K;^ Mo(CN)g
Cm rent .q Vo l. of 
(amp. 2.2 X 10 Ki^ KoiCS)^
Current 
(amp. 2.2 x 10
0*0 cc 48.25 0.6 11.75
0,1 cc 41,25 0 ,7 10,0
0.2 cc 33,5 0,8 9.25
0.3 cc 26,0 0,9 8.25
0 ,4  cc 19.75 1.0 7.75
0,5  cc 14,0
(F ig , 46, curve 2)
20 cc of 0.005M NiClg
^ 0,53 cc of 0.1M K/jMo(CN)g = 10.06 cc of 0.005M K^Mo(C!I)g
Table 59.
20 cc o f 0.0075M N iC lg ag a in st 0.1M K^Mo(CN)g
7 o l. o f 
K^Mo(CN)g
Current «o 
(amp. 2.2 X 10
V o l. o f 
Kj|^Mo(CN)g
Cfurrent 
(amp. 2,2 x 10
0 .0  cc 75.0 0.7 21 ,75
0,1 cc 69.0 0,8 16,5
0,2 cc 60,0 0.9 13.5
0,3 cc 51 .25 1.0 12.0
0 ,4  cc 43.75 1,1 11 .25
0 ,5  cc 35.5 1.2 11 *0
0 ,6  cc 27.0
(F ig ,  46, curve 3)
20 cc o f 0,0075M N iC l
s  0,77 cc o f 0.1M K4Mo(CN)g a1 10,2 cc o f 0.0075m U iC l2
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Table 60.
Polarogram  o f n ic k e l ch lo rid e  in  calcium  ch lo rid e  
20 cc of 0.003M H iC lg in  5M CaGl^
V o lt . Current 
(amp. 2.2 X 10 )
V o lt . Current n 
(amp. 2.2 X 10 °
0 - 2.75 0.9 4.75
0,1 - 0.25 1.0 11.25
0.2 - 0.25 1.1 13.5
0.3 - 0.25 1.2 13.5
0.4 - 0.25 1.3 14.0
0.5 - 0.25 1.4 14.25
0.6 0 1.5 15.25
0 .7 0.25 1.6 16.75
0.8 1.0 1.7 19.75
( F ig .  47 )
The t it r a t io n s  between n ic k e l ch lo rid e  and potassium 
molybdocyanide using calcium  ch lo rid e  as supporting e le c tro ly te  
were ca rrie d  out a t a constant app lied  p o te n tia l o f -1.2V.
The concen tration  o f calcium  ch lo rid e  in  the so lu tio ns was 
kept 5M. A l l  the other d e ta ils  being the same as described 
e a r l ie r .  The read ings fo r  the d ire c t  (K^Mo(CN)g in  the c e ll )  
and reverse  (N iC lg  in  the c e l l )  t it r a t io n s  are tabulated 
below:
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D ire c t t i t r a t io n s ; Kji^ MoCClOn In  the c e l l *
Table 61.
20 cc o f 0,0015M Kj^Mo(CN)g ag a in st 0.1M N iC l^
V o l. o f 
N ic lg
Current _p 
(amp, 2,2 X 10" )
V o l. o f 
N iC l^
CuTBent 
(amp. 2,2 »  10
0,0  cc 0,25 0.6 4,5
0,1 cc 1.5 0.7 5.5
0,2 cc 2 ,0 0.8 7.25
0,3 cc 2 ,5 0.9 9.0
0 ,4  cc 2,75 1.0 11.0
0 ,5  cc 3.5
(F ig ,  48, curve 1)
20 cc o f 0,0015M K^Mo(CN)g
r  0,6 cc o f 0.1M N lC l^ = kO cc o f 0,0015M N iC l^
Table 62.
20 cc o f 0.0025M K^Mo(CN)g ag a in st 0.1M N IC I2
V o l. o f Current q V o l. o f Current
N iC lg (amp, 2,2 X 10 N1C12 (amp. 2.2 X 10“ ^)
0 ,0  cc 0 0,9 3.75
0,1 cc 1*25 1.0 5.0
0.2 cc 1.75 1.1 6.0
0,3 cc 1.75 1.2 7.25
0 ,4  cc 2 ,0 1.3 8.75
0 ,5  cc 2,25 1.4 11.0
0 ,6  cc 2,5 1.5 12.25
0 .7  cc 2.75 1.6 14.5
0.8 cc 3.25
(P ig ,  48, curve 2)
20 cc o f 0.0025M K^Mo(CN)g 
s 1.0 cc o f 0.1K N1C12 = 40 cc o f 0.0025M K iC l2
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Table 63.
20 cc of 0.00375M Kj^ Mo(CN)g against 0,1M NiCl2
V o l. o f Current „ Vo l. of Current «
NiClg (amp. 2,2 x 10“ ^) NiCl2 (amp. 2.2 x lO"®)
0,0 cc 0 1*2 3.25
0,1 cc 1.0 1.3 3.5
0,2 cc 1.25 1,4 4.0
0,3 cc 1.5 1.5 5.0
0,5 cc 1,75 1.6 6.0
0,7 cc 1,75 1.7 7.5
0,8 cc 1.75 1.8 9.0
0,9 cc 2.25 1.9 10,5
1 ,0 cc 2.5 2,0 12.25
1,1 cc 2,75 2.1 14,5
2.2 16,5
(F ig . 48;, curve 3)
20 cc of 0,00375M K^Mo(CN)g
s 1,5 cc of 0.1M NiClg a  40 cc of Q.00375M NiClg
Reverse titra tio n s  - K^CL  ^ in  the c e ll.
Table 64.
20 cc of' 0.003m NiClg against 0,1M K^Mo(CN)8
V o l. of Current p V o l, of Current «o
K^Mo(CN)g (amp. 2,2 X 10 n  Kj^ Mo(CN)q (amp. 2,2 x 10
0*0 cc 14.25 0.6 2.0
0,1 cc 12.75 0.7 1.75
0,2 cc 6.75 0.8 1.75
0,3 cc 4.0 0.9 1.50
0,4 cc 3.0 1.0 1.50
0,5 cc 2.25
(F ig , 49, curve 1)
20 cc o f 0.003M NiCl^
= 0,32 cc of 0,1M K4Mo(CN)s » 10,66 cc of 0.003M K^Mo(eN)g
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Table 65.
20 cc of 0.005M HiClg against 0.1M K^Ho(CN)g
V o l. o f Current _o Vo l. o f Current «p
K^Mo(CN)g (amp. 2.2 x 10 K^Mo(CN)g (amp. 2.2 x 10 ° )
0,0 cc 25.0 0.6 4.0
0.1 cc 24.0 0.7 3.5
0.2 cc 23.0 0.8 3.0
0.3 cc 14.0 0.9 2.5
0.4 cc 10.0 1.0 2.5
0.5 cc 6.0
(P ig . 49, cui've 2)
20 cc of 0.005M NiCl^
« 0.5 cc o f 0.1M K^Mo(CR)g - 10 cc o f 0.05M K4Mo(CN)g
Table 66.
20 cc o f 0.0075M NiClg against 0.1M K^Mo(CN)g
V o l. of Current „o Vo l. o f Current
K^Mo(CN)g (amp. 2.2 x 10 n  K/^ Mo(CN)g (amp. 2.2 x 10 )
0.0 cc 35.5 0.8 4.0
0.1 cc 31.5 0.9 3.0
0.2 cc 26.5 1.0 2.5
0.3 cc 20.0 1.1 2.25
0.4 cc 11.5 1.2 2.0
0.5 cc 11.0 1.3 1.75
0.6 cc 8.0 1.4 1.75
0.7 cc 5.25
(F ig . 49, curve 3)
20 cc o f 0. 0075M NiCl^
-  0 .7  cc o f 0.1M K;^Mo(CN)g - 10.13 cc of 0.0075M Kj|^ Mo(CN)g
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Amperometrlc titra tio n s  between cobalt chloride and 
potassium molybdocyanide were carried  out in  potassium chloride 
as supporting e le c tro ly te . Before carrying out the titra tio n s  
the constant p o ten tia l to be applied during the course of 
the experiments was determined by taking a polarogram of cobalt 
ch loride in  potassium ch lo ride. The s e n s itiv ity  of the 
Elecdropode was 10 X and that of M u ltiflex  galvanometer being 
kept a t 1 : 10,
Table 67.
Polarogram of cobalt ch loride in  KCl as supporting e le c tro ly te . 
20 cc o f 0.005M CoCl^  in  0.1M KCl and 0.01 % g e la tin .
Vril-h - ^
0 0.25 0.9 0.75
0.1 0.25 1*0 8.0
0.2 0.25 1.1 33.75
0.3 0.25 1.2 44.0
0.4 0.25 1.3 44.25
0.5 0.25 1.4 44.2 5
0.6 0.25 1.5 • 44.25
0.7 0.25 1.6 44.25
0.8 0.25 1.7 44.25
(F ig . 50)
A p o ten tia l of -1*4V (as determined from the plateau 
o f the curve) was applied fo r the an^erometric titra tio n s  
between cobalt ch loride and potassivim molybdo cyanide. Both 
d ire c t (CoCl^ in  the ce ll) and reverse (Kj[jMo(CN)g in  the c e ll) 
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D irect t itra tio n s : K/^ Mo(CH)g in  the c e ll.
Table 68.
20 cc of 0.0025M K^Mo(CN)g against 0.1M CoCl^
V o l. o f 
CoCl^
Current _o 
(amp. 4,4 x 10 )
V o l. o f 
C0CI2
Current p 
(amp. 4,4 x 10“ ° )
0.0 cc 0,5 1.0 18.0
0*1 cc 4,0 1.1 16,25
0.2 cc 7.5 1.2 18.0
0,3 cc 10,5 1.3 20,5
0.4 cc 14,0 1.4 22,75
0.5 cc 17.25 1.5 26,0
0.6 cc 20,25 1.6 29,0
0,7 cc 22,75 1.7 32,75
0.8 cc 19.0 1.8 36,5
0,9 cc 18,0
(F ig . 51) curve 1)
20 cc of 2,5 X 10“ 3m K^Mo(CN)g
- (1 ) 0,64 cc of 0,1M C0CI2 r  25.6 cc of 2,5 X 10“ CoClg
• C ii) 1.18 cc o f 0,1 M C0CI2 r  47,0 cc of 2,5 X 10" C0CI2
Table 69.1
20 cc of 0.00375m K^Mo(CN)g against 0,1M CoCl^
V o l. o f Current Vo l. of Current
CoCl^ (amp. 4.4 x 10 ) C0CI2 (amp. 4,4 x 10 )
0#0 cc 0,5 1.5 15.0
0,1 cc 4,0 1.7 19.0
0.3 cc 10,5 1.8 20,0
0,5 cc 16,75 1.9 22,5
0.7  cc 22,5 2.1 26,75
0.9 cc 19.5 2,3 32.5
1 ,1 cc 18.0 2,5 38.25
1 ,3 cc 14.75 2.7 44.25
1 ,4 cc 14.0 2.9 _____ A 9 , i .___ ______
(F ig , 511 curve 2)
20 cc of 3,75 X 10” K^Mo(CN)g __
» ( i )  0,7 cc of 0,1M C0CI2 = 18,6 cc of 3.75 x 10" M C0CI2
r ( i i )  1.58 cc of O.IM CoClg = 42.1 cc of 3.75 x 10“ -^M CoCl^
-   ^52 •
Reverse, titra tio n s j.C ^ ^  ghl9ri.de In  .t:he ce i;i
Table 70.
20 cc of 0*005M C0CI2 against 0*1M CoCl^ ,
V o l. o f Current _o Vol# o f Current
K^Mo(CN)g (amp. 4.4 x 10 ) Kjj^ Mo(CN)g (amp, 4.4 x 10 "°)
0,0 cc 22.25 0.5 9.50
0.1 cc 19.50 0.6 8.35
0.2 cc 17.00 0.7 8.25
0.3 cc 14.50 0.8 8.25
0,4 cc 11.50 1.0 8.25
(F ig . 52, curve 1)
20 cc of 0.005M CoCl^  
z 0.54 cc o f 0.1M K2^ Mo(CH)g = 10.8 cc of 0.005M K^Mo(CN)g
Table ?U
20 cc of 0.0075M C0CI2 against 0.1M CoClg
V o l. o f Current _o V o l. o f Current
K^Mo(CN)g (amp. 4.4 x 10 ) Kjj^ Mo(CN)g (amp. 4.4 x 10
0.0 cc 34.125 0.8 9.0
0.1 cc 33.125 0.9 8.5
0.2 cc 28.0 1.0 8.25
0.4 cc 19.60 1.1 8.25
0,6 cc 14.00 1,3 8.25
0.7  cc 11 .25
(F ig . 52, curve 2)
20 cc of 0 .0075M C0CI2
0.77 cc o f 0.1M K^Mo(CN)g = 10.26 cc of 0.0075M K^Mo(CN)g
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Table 72.
20 cc o f 0.01 M CoCl. against 0.1 M K.MoCCT)^2 4 3
V o l. o f 
K^Mo(CN)g
Current 
(amp. 4.4 x 10 )
Vo l. o f 
K^Mo(CII)g
Current -3 
(amp. 4.4 x 10
0.0 cc 50.0 0.8 13.5
0.1 cc 46.0 0.9 11.0
0.2 cc 41.25 1.0 8.5
0.3 cc 35.0 1.1 7.5
0.4 cc 30.0 1.2 . 6.0
0.5 cc 25.5 1.3 5.5
0.6 cc 20.5 1.4 5.5
0.7  cc 16.75 1.6 5.0
(F ig , 52, curve 3)
20 cc of 0.01M CoCl^
- 0.92 cc o f 0.1M K»Mo(CN)o r  9.2 cc of 0.01M K,Mo(C®) ^ o ^ 8
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Stimmarv o f the resu lts on amperometrie titra tio n s  
T itra tio n s between copper sulphate and potassium molvbdocvanlde
D irect; K^Mo(CN)^  In  the c e ll.
V o l. and Cone,
o f K,Mo(CN)„4 8
Vo l. o f 0.1M 
CuSO, from 
the ^curres
V o l. of CuSO. 
equivalent 
to 20 cc 
K/^ Mo(CN)g
Probable ra tio  
Cu^ '^; Mo(CN)g’
20 cc, 0.0015M 0,6  cc
20 cc, 0.0025M 1.0 cc







Reverse; CuSOi^  in  the c e l l*
V o l. afid Cone, 
o f CuSO/.




Vo l. of K^Mo(CN)g
eguivalent to 




20 cc, 0.003M 








2 : 1 .0
2 : 1 .0
2,08 : 1.0
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Table L .
Summary of the resu lts on amperometrlc t itra tio n s . 
T itra tio n s between n icke l ch loride and potassium molvbdocyanide 
using KCl as supporting e le c tro ly te .
D ire c ti KfMo(CN)g in  the c e ll
V o l. and Cone, 
o f K^MoCaOg
Vo l. o f 0.1M 
NiClo from 
the curves
V o l. of NiClp 
equivalent 




20 cc, 0.0025M 1.0 cc
20 cc, 0.003M 1.2 cc




2 : 1 
2 : 1 
2 : 1
Reverse: N IC Iq in  the c e ll.
V o l. and Cone.
o f NiCl^
V o l. o f 0.1 M Vo l. o f K2^ Mo(C!T)« Probable
K^Mo(CN)g equivalent to
from the curves 20 cc N iC l2 Ni :Mo(CN)g
20 cc, 0.003M 













T itra tio n s betv;een n ick e l ch loride and cotassium molvbdocvanide
usins CaCl^  as suDDortin.i? e le c tro ly te .f-m.
D irect: Kj^ Mo(GN)^  in  the c e ll.
V o l. and Cone* 
o f KjjMo(CN)g
V o l. o f 0.1M 
NiClg frcan 
the curves
Vo l. of N iC l 
equivalent  ^
to 20 cc 
K^Mo(CN)g
Probable ra tio
f  + 4“Ni^^: Mo(CN)g‘^
20 CO, 0,001512 cc 40 cc 2 : 1
20 cc, 0.0025M 1 *0 cc 40 cc 2 :1
20 cc, 0.00375M 1.5 cc 40 cc 2 : 1
Reverse: NiCl« in  the c e ll.
V o l. and Cone, 
of NiCl^
V o l. of 0.1 M 
K^Mo(CN)g
V o l. of K.MoCCN)^  Probable ra t 
equivalent to °  ++
20 cc NiCl^ Ni^^: Mo(QO
20 cc, 0.003M 0*32 cc 10.66 cc 2 : 1,06
20 cc, 0.005M 0.5 cc 10.0 cc 2 : 1.0
20 cc, 0 .0075M 0.7 cc 10,13 cc 2 : 1.1
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Table N.
Summary of the results on aamerometrie t itra tio n s . 
T itra tio n s between cobalt ch loride and potassium molybdocvanlde
D lrectt Kj^ Mo(CN)q in  the c e ll 
V o l. and Cone.
o f K^Mo(CN)g
Vo l. o f 0.1M 
C0CI2 from 
the curves
V o l. o f CoCl 
equivalent  ^
to 20 cc 
K^Mo(CN)g
Pirobable ra tio  
Co’’”*’: Mo(CN)g-
( i i )
0.64 cc 25.6 cc 1*28 • 1
1.18 cc 47.0 cc 2.35 : 1
0.7 cc 18.6 cc 1.0 •• 1.07
1.58 cc 42.1 cc 2.1 : 1
Reverse ; CoCl- in  the c e ll.
Vo l. and Cone. V o l. of 0.1M Vo l. of K.MoCCN)- Probable n
o f CoCl^  K^ M0(CH)g equivalent to ®
from the curves 20 cc CoClg Co : Mo(CN)
20 cc, 0.005M 








2 : 1.08 
2 : 1.02  
2.17 : 1.0
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D I S C U S S I O N
The re s tilts  on th« conduetometrlc^ potentlom etrlc and 
amperometrie t itra tio n s  between the metal s a lts > under 
in vestig a tio n , and potassium molybdocyanide present the 
fo llow ing in terestin g  featu res.
Conductometric titra tio n s t
In  both d ire c t (potassium molybdocyanide in  the c e ll) 
and reverse (copper sulphate in  the c e ll) t itra tio n s , a 
combining ra tio  o f 2 : 1 (Cu^''‘/Mb(Cir)g'’) is  approximately 
reached. The presence of alcohol does not very much a ffe c t 
the molar ra tio  although the t it r e  values in  20 alcohol 
g ive a more exact ra tio *  S im ila r titra tio n s  w it^ cuprous 
ch loride were not possib le due to the presence of a large 
amount of potassium ch lo ride in  the s a lt so lution*
D irect titra tio n s  between n icke l ch loride and potassium 
molybdocyanide exh ib it two breaks, the second break being 
prominant fo r a l l  concentrations of tiie potassium molybdocyani^  
used* For the la tte r  break a ra tio  of 2 s 1 (Ni^ '^ /Mo(CH)g"‘) 
is  obtained whereas fo r l^e f ir s t  break the eombljaing ra tio  
is  1 : 1 • Here again the presence of alcohol does not 
in fluence the molar ra tio  appreciably but in  concentrated 
so lu tions, the position  o f the f ir s t  break is  sh ifted  towards 
the le f t  hand side and w ith  higher concentrations of alcohol 
(20 jC), i t  completely disappears (v id e  ctarve 3 of F ig s . 10,
11 and 12). In  the reverse titra tio n s  only cane combining 
ra tio , v iz ., 2 s 1 is  obtained.
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Cobalt ch loride v ith  concentrated so lutions of 
potassitm  molybdocyanide (in  the c e ll) give two breaks a t 
the ra tio s  1 1 1  and 2 : 1  resp ective ly* The la tte r  ra tio  
although approximate is  however the only one fotmd from the 
breaks in  the cixrves fo r d ilu te  so lu tio n s. The reverse 
titra tio n s  (co b a lt ch loride in  the c e ll) give only one ra tio , 
namely, 2 s i .  In  both the d ire c t and reverse titra tio n ^  the 
in fluence o f alcoho l is  not marked* Here also  better resu lts 
are obtained when titra tio n s  are carried  out in  the aqueous 7, 
a lco h o lic medium (F ig s* 13 - 16)»
The potentiom etric titra tio n s  carried  out between the 
d iffe re n t metal sa lts  and potassium molybdocyanide not only 
confirm  the re su lts  of conduc tome try , but re ve a l, a t the same 
tim e, the u t i l it y  o f the molybdo- molybdicyanide ind icator 
electrode in  studying p rec ip ita tio n  reactions* In te restin g ly  
enough the electrode formed by dipping bright platinum in  a 
so lu tion  of potassium molybdicyanide (containing a . l i t t le  
amount of potassium molybdocyanide) works as s a tis fa c to rily  
as the ind icato r electeode obtained w ith solutions containing 
sm all amounts o f potassium molybdicyanide in  potassiian 
molybdocyanide (v id e  F ig . 2 ? fo r the t itra tio n  between cuprous 
ch loride and potassium m olybdicyanide)* Furthermore the 
potentiom etric titra tio n s  have proved more usefu l than the 
conductometric and amperometric titra tio n s  since they alone 
could give inform ation regarding the nature and composition
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of the reaction  product formed by ttie in teractio n  o f cuprous 
ch loride w ith  potassium molybdicyanide*
Furthermore the copper sulphate - potassium mdlybdo- 
cyanlde reactio n , the combining ra tio  was found to be the 
same (2 : 1) as fo r the conductometric titra tio n s  (F ig s . 25 
and 26) • As fo r cuprous ch loride - potassium molybdicyanide 
reaction , combining ra tio s  o f 1 : 1 and 1 : 2  (CJuVltoCCN)!” ) 
were obtained (F ig s . 27 and 28)*
Combining ra tio  o f 1 : 1 is  not obtained in  the 
potentiom etric titra tio n s  (both d ire c t and reverse) carried 
out between n ick e l ch loride and cobalt ch lo tide* T itrations 
carried  out w ith  d iffe re n t concentrations o f the reactants 
and in  both aqueous and aqueous - a lcoh o lic media give only 
one combining ra tio , namely 2 : 1 •
Amperometric titra tio n s r
The amperometric titra tio n s  confirm the re su lts  of 
potentiom etry* Here also  only one combining ra tio  v iz ., 2 : 1 
is  rea lised  fo r the d iffe ren t metal ions used. The curves 
fo r the d ire c t titra tio n s  between copper sulphate and pota­
ssium molybdocyanide are typ ic a l in  nature (Fig-* 42) but w ith 
n ick e l ch loride and cobalt ch lo tlde solutions the behaviour 
is  not normal. This is  sp e c ia lly  so fo r cobalt ch loride, 
where in  ttie d ire c t titra tio n s  (potassium molybdocyanide in  
the c e ll) the current, in  the in it ia l stages, instead of 
remaining constant, Increases continuously (F ig . 51). Such
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an increase is  also  observed in  the case of titra tio n s  w ith 
n ick e l ch loride as the t itra n t but the varia tion s are less 
marked. A change in  the supporting e le c tro ly te  from potassitoa 
ch loride to calcium  ch loride was found in  e ffe c tiv e  in  modifyia 
the nature o f the t itra tio n  curves in  the case of n icke l 
ch loride in sp ite  o f the fa c t th at a re ve rs ib le  wave fo r H i( i i)  
was obtained w ith calcium chloride as supporting electeo lyte* 
The reaction  between n ick e l ch loride/cobalt chloride 
and potassium molybdocyanide may be represented by the follow in 
sto ich iom etric equations:
(1) MCl^  t K^Mo(CN)g r K^M M6(GN)g t 2KC1
(11) 3MCI2 2K4 Mo(CN)g z K2M3(Mo(CN)3)2  ^ 6 KCl
( ill)  2MCI2 t K4Mo(CN)q s  152Mo(CH)g t  ^KCl
( Iv )  MClg t  X K4Mo(Cag)g s KgM Mo(CN)g (x-1) K^Mb(CN)g t  2KC
(adsorption complex)
The re su lts  on conductometric, potentiom etric and
in
amperometric titra tio n s  given^^the summarised tab les give a 
ra tio  o f : IMb(Caf)^ pointing towards the formation of
the complex M^Mo(CN)g (M being Nl/Co) in  accordance w ith  
equation ( i l l )  given above. Further a ra tio  o f 1 : 1 tar  
the reactants is  also found in  the case o f conductometric 
titra tio n s  when the metal s a lt is  added to the potassium 
molybdocyanide in  the conductivity c e ll*  For th is  ra tio  the 
ccanplex formed would have the composition K^ M Ho(CN)g«
The combining ra tio s  (botii 2 : l^ d  1 * 1 )  show a
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s lig h t discrepancy from the sto ich iom etric equations. For 
almost a l l  the d iffe re n t concentrations of the reactants 
employed fo r these titra tio n s , the amount of potassium 
molyhdocyanide required is  la rg er than ttie th eo re tica l values* 
This behaviour can v e il he explained by assuming that the 
fre sh ly  p recip itated  complexes have got the property of
4-
adsorbing Mo(CJN)g • An in d ire c t proof o f the adsorptive 
capacity of the complexes vas forthcoming from our prelim inary 
experiments. There i t  vas found that the green p recip itate  
o f n ick e l molybdocyanlde can be transformed in to  a stable sol 
when n ick e l ch loride is  added to a l i t t le  excess of potassium 
molybdocyanlde. However mixing in  the reverse order 
(Kj^ Mo(CN)g to N iC lg) resu lted  in  a th ick p rec ip ita te  rattier 
than a so l. A s im ila r behaviour vas found v ith  cobalt 
molybdocyanlde vhlch could be obtained in  the form o f a stable 
orange coloured so l hy us lag excess of potassium molybdocyanldi 
The potentiom etrie studies need a specia l mention here. 
We observed that potent iome t r ie  titra tio n s  fo r th is  p recip i­
ta tio n  reaction  can be successfu lly performed by employing a
4- 3-Mo(CN)g Mo(CN)g t  e couple a t bright platinum
electrod e. Typ ical curves (F ig s . 29 - 31 and 35 r, 37) are
obtained vhen the m etal so lu tion  is  added to the so lution
o f potassium molybdocyanlde containing a l i t t le  potassium
m olybdlcyanide. But in  the case of reverse titra tio n s
(F ig s . 32 - 34 aftd 38 - 40) the curves are o f a d iffe ren t
nature, the e .m .f. increasing in  the in it ia l stages before
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shoving a dounvard slope. This bebavlom* points towards the
fa c t that the molybdo *- molybdlcyaxilde couple a tta in s
equilibrium  condition when an optimum amount of the reagent
Is  present In  the t itra tin g  c e ll*  VHien su ffic ie n t saaount of
molybdocyanlde has been added from the burette the curves
have got the typ ica l nature.
Ampercanetrlc titra tio n s  carried  out w ith potassium
molybdocyanlde In  the polarographlc c e ll are d iffe ren t In
shape than those which should be obtained on th eo retica l
considerations, fo r such titra tio n s  (reducib le Ions added to
non-reducible Ions In  the c e ll)*  The-current Increases
appreciably on adding the t ltra n t (F ig s* 45 and 48) and tills
2+Is  more so fo r Co so lu tion  (P ig * 5 D . I t  was thought that
the Increase in  current might be due to tdie formation of some
Interm ediate soluble complex. The products of In teractions
a t d iffe re n t stages in  tills  region w eri taken separately and
polarograms drawn. The in  each case corresponded to the
E | o f H i ( -1.1V) and Co"^ - ( - 1*2V), thereby showing the
iwn-existence of a soluble complex in  between. T itrations
w ith the metal so lu tion  in  the c e ll (F ig . 46, 49 and 52) were
of the same nature as required on the th eo re tica l grounds.
I t  is  quite lik e ly  that the co llo id a l nature o f the so lution
in  the former case influence the performance of the dropping
mercury electrode and typ ica l curves are not obtained there*
Ck>nduc tome t r ie  t itra tio n s  between copper sulphate and
2ifcpotassium molybdocyanlde (F ig s . 1 to 8) give the ra tio  Cu 
4-to Mo(CBr)g as 2 t 1* Potentloo ietrlc titra tio n s  carried  out 
w ith copper sulphate so lu tion  in  the c e ll did not give typ ica l
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t itra t io n  curves and there vas a sharp ris e  In  po ten tia l on
the add ition  of even sm all amoimt of molybdocyanlde (containing
a l i t t l e  molybdlcyanide) from the bu rette. T itrations carried
out in  the reverse manner, v iz ., by adding copper sulphate
4-so lutlon  to the molybdocyanlde in  the c e ll (Mo(CH)o
3- oMo(CN)g -Y e couple a t the b right platinum electrode) gave very 
sa tis facto ry  re su lts  (F ig . 25) and here too a ra tio  of 2 : 1 
was found to  e x is t. However, the former method gave a l i t t le  
more o f potassium molybdocyanlde than required by the 
sto ich iom etric equation 2CUSO4 \  K2^ Mo(CN)g » Cu2Mo(CN)g t  
fo r the form ation of the complex. Here th is may also be 
attrib u ted  to the adsorption of Mo(CN)^* ions by the fresh ly  
p recip itated  complex although the adsorption e ffe c t is  not so 
marked as in  the case o f cobalt and n icke l complexes. The 
behaviour of copper molybdocyanldes is  also s lig h tly  d iffe ren t 
from those o f cobalt and n ick e l molybdocyanldes in  as much as 
that the p rec ip ita te  of la tte r  pass in to  co llo id a l so lution 
more re a d ily  than the form er. Amperometrlc titra tio ijs  (P ig a . 42 
and 43) both d ire c t and reverse give the ra tio  2 s 1, again 
pointing towards the form ation of the complex Cu2Mo(CN)g.
Conductometrie titra tio n s  as w e ll as the amperometrlc 
titra tio n s  were unsuccessful in  in vestigating  the reaction  
between cuprous ch loride and potassium m olybdlcyanide. In  
the la tte r  su itab le  p o ten tia l to be applied could not be 
found w hile In  the former sharp points o f in tersection
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a t the equivalence point were not re a lise d . However, 
po ten tioaetric t itra tio n s  a t tlie Cii^  4 e couple
(p t electrode dipped in  a so lution o f cuprous chloride 
containing a l i t t l e  cupric ch lo ride) gave tjrp ica l titra tio n  
curves w ith  two sharp breaks (P ig . 28 )• The values fo r the 
ra tio  Cu^  : Jfo(CN)g being nearly 1 * 2  and 1 : 1 respectively 
Before assigning a p a rticu la r formula to the complex 
formed by th is  reaction  i t  is  important to consider the 
oxidation reduction reaction  : Cu^  t  MbCCH)!”  \ —
Cu^-  ^ Mo{CH)o’’ . Taking the redox po ten tia ls o f Mo(CN)o^=:^
3 -  ® +  + +Mo(CN)g e as -0.827 and that o f Cu Cu + e as
-0,17V, the equilibrium  constant o f the above mentioned redox
12reaction  comes out to be 1,5 x 10 • I t  means that during
the in te ractio n  o f cuprous ch loride and potassium molybdi^ , 
cyanide, a large amount o f cuprous is  oxidised to the cupric 
sta te  and the molybdicyanide is  reduced to the molybdocyanide* 
On the basis of the above explanation the reaction 
should take place in  the follow ing two steps:
CugClg  ^ 2K3 Mb(CN)g  ^ 2KC1 a 2CUCI2 t  2K|^ Mo(CN)g followed bj
2CUCI2 t  2K^Mo(CN)g 5 2 Cu M b(% )g  t  2 K C l. The ra tio
1 : 2 (Cu^ : Mb((2M)g~ ) found on the basis o f po tentioaetric 
t itra tio n  support the above mechanism since the o ve ra ll reacti< 
would be CUgClg t  2K3 Mb(CJN)g 2Kg Cu Mb(CN)g t  2KC1 
g iving  the complex 2^  Cu^^^^(CN )g.
IJwhether an oxidation-reduction equilibrium  (K s l,5 x 10 ‘ 
can completely hold good in  the case of p rec ip ita tio n
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reaction  is  rather d if f ic u lt  to say. I t  is  quite probafcle 
that some of the cuprous chloride is  p recip itated  by 
potassium molybdicyanide before mutual oxidation -reduction 
takes place and some cuprous molybdicyanide is  also formed* 
Under these conditions a ra tio  of 1 s 1 fo r the reactants 
should be rea lised * This is  what we a c tu a lly  get from the 
second break of the d ire c t and the f ir s t  break of the reverse 
titra tio n s *  To sum up i t  may be said that the products of 
in te ractio n  between cuprous ch loride and potassium molybdi:^  
cyanide are predominantly Cu^  ^ Mo^  ^ ^
l i t t l e  amount of Mo^(CN)g is  also  formed*
C H A P T E R  I V
In  the preceding chapters atten tion  has been drawn 
,to  the ro le  of the molybdo- molybdicyanide couple in  influencing 
the composition of heavy metal molybdocyanogen complexes.
I t  was, therefore, thought worthwhile to carry out a few 
investigations on the E ° values of th is  couple.
A review  of the ex isting lite ra tu re  would show that a' 
system atic and comprehensive study of the molybdo- molybdi- 
cyanide system was f ir s t  of a l l  carried  out by Ko lthoff 
( J .  Phys. Chem,, kOf 24?, 1936 ) ,  who besides
determining the E ° value o f th is couple in  the ordinary 
mixture of potassium molybdo- and potassiiun molybdicyanides, 
also  investigated the influence of neu tral sa lts  and hydrogen 
ions on it s  normal p o te n tia l. According to him the normal 
p o ten tia l as obtained on extrapolating the io n ic strength 
to zero was 0,7260 V at 25°C. H is observations also led him 
to believe that the Debye Huckel lim itin g  equation holds 
good in  very d ilu te  solutions and hence the potassium molybdo-' 
molybdicyanide behave as strong e lectro ly tes at very low 
concentrations. In te restin g  re su lts  were obtained on evaluatin  
the values o f Eq in  presence of s a lts . For the various ion ic 
strengths, he found that the value increases in  the presence
of the sa lts  and that the d iffe ren t anions exert the same in ­
fluence at corresponding io n ic strengths. The cations under 
s im ila r conditions, however, influence the E^ value to d ifferen  
extents. For example, the d iva len t cations exert a greater 
in fluence than the un ivalent cations, the e ffe c t decreasing 
w ith  the decreasing size of the ion . Furthermore the
experiment carried  out in  presence of hydrogen ions confirmed 
the view point that molybdocyanic acid  behaves as a strong 
e le c tro ly te .
K o lth o ff, during the course of h is  determ inations,
used the hydrogen and the Quinhydrone electrodes as standards
in  E .M .P . measurements. Since the calomel electrode is  more
convenient to use than the electrodes used by him, some of
h is  work was repeated w ith the calomel e lectrode. Moreover,
the t it r a t io n  method was not attempted by K o lth o ff fo r  finding
the values o f E in  a c id ic  so lu tio n s . Since the method is
o
more convenient than the conventional method, experiments 
were performed u t i l is in g  the Ce(IV), Mn(III) and Cr20^ . The
re su lts  obtained were u t il is e d  not only to determine optimum 
conditions fo r  the determination o f E° in  the a c id ic  medium 
but a lso  to know re la t iv e  u t i l i t y  o f the d iffe re n t  ox id ising  
agents in  estim ating the concentration o f potassium molybdo- 
cyanide in  so lu tio n .
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E X P E R I M E N T A L
Solutions of potassium molybdo- and molybdicyanides 
were prepared as described e a r l ie r .  Standard so lu tion  of 
potassium dichromate was prepared by d isso lv in g  A .R . crysta ls  
eerie  sulphatei various methods have been described in  the 
l ite ra tu re  fo r  the determination o f eerie ions in  the so lution  
e .g . with pure arsenious oxide using osmium tetroxide as 
ca ta ly s t , against ferrous ammonium sulphate using Erioglancine,
fe rro in  or N- phenyl an th ran ilic  acid , against potassium 
ferrocyanide .using e ith e r N-phenyl an th ran ilic  acid or 
Eriog lancine in d ica to r, w ith  sodium thiosulphate to the starch 
iodine end p o in t. The f ir s t  three methods mentioned above 
require ind icato rs which were not ava ilab le  in  our laboratory, 
hence, la s t method was adopted fo r the estim ation of Cerium (IV ) 
About 4.15 g* of pure anhydrous eerie  sulphate was 
d issolved in  IN shaking and gentle warming. The
volume was made upto 250 m l. 20 m l. of sodium thiosulphate 
so lu tion  o f known strength was taken in  a 250 m l. conical fla sk , 
about 1 to 2 gms. of potassium iodide and 20 m l. o f 0.2 per cent 
starch  so lu tion  was added. The so lu tion  was d ilu ted  to 100 ml. 
and titra te d  w ith eerie sulphate so lu tion . The titra tio n  was 
repeated w ith  two other sim ilar portions o f sodium thiosulphate 
and the norm ality of the eerie sulphate so lu tion  calcu lated .
Volume of sodium thiosulphate so lution  taken = 20 cc
Norm ality o f sodium thiosulphate » 0.055 N
Volume of C eric sulphate so lution  required =25.55 ee 
Hence, the norm ality o f C eric Sulphate so lution  = 0,043 H
Preparation of manganic sulphate:
Manganic sulphate so lu tion  may be prepared from the 
so lid  acid  manganic sulphate, Mn HCSO^)^ , 2H2O, vrtiieh could 
be obtained by heating the calcu lated  amount of manganous 
sulphate w ith manganese dioxide and excess of sulphuric acid : 
MnOg t  MnSO/j^  •¥ 3H2S0|^   ^ 21^0 = 2Mn H(S04)2 , 2H2O;
H2O t  2Mn02 t  4H2SO4 T  2Mn H( 804)2* 2H2O i  Og
- 169 -
However, a much more convenient way of preparing solutions of 
manganic sulphate is  described by Ubbelohde (J.C .S , 1605, 1935) 
who prepared i t  by oxidising manganous sulphate w ith potassium 
permanganate:
8MnS0  ^  ^ 8H2S0  ^ = SMngC 804)3 t  ^gSO  ^ 8H2O.
The procedure employed fo r preparing the manganic sulphate
so lu tion  is  described as fo llow s: 15*1*g o f manganous sulphate
was dissolved in  1 l i t r e  o f 6n sulphuric ac id , 50 cc of the
so lu tion  was taken in  a fla sk  and was kept in  an ice  bath.
3 cc of concentrated sulphuric acid was added in  i t  w ith  ice
coo ling . 12 cc of 0.5N potassium permanganate was then added,
2 cc a t a tim e, a t inter-rals o f about three m inutes. A further
was added
2 cc of concentrated sulphuric acid^after 8 cc and 12 cc o f the 
permanganate so lu tio n . The so lu tion  was stored fo r four hours 
before use and then i t  was f ilte re d  in  an amber coloured 
b o ttle  wrapped w ith black paper. Manganic sulphate so lution 
was standardised as described by M alik and A^mal (A nal. Chem. 
in  p ress ). 20 cc o f 0.11 ferrous ammonium sulphate solution 
was taken in  a beaker and 15 cc o f m ^ganic sulphate so lu tion  
was run in to  i t .  Excess o f ferrous ammonium sulphate was 
titra te d  w ith 0.05N KMhO .^ The end point obtained hy th is 
method was very sharp, a sm all drop of permanganate producing 
a pink colour ind icating  thereby the equivalence po in t. The 
t itra tio n  was repeated w ith  tvro more smaples of manganic 
sulphate so lu tion  and the same readings fo r permanganate s 
so lu tion  were obtained in  each case. The strength o f manganic 
sulphate so lu tion  was found out to be 0.0188N. The solution
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of manganic sulphate was kept in  a dark room.
Estim ation o f potassium molyMocyanide was carried  out 
by t itra tin g  i t  po ten tiom etrically against manganic sulphate> 
potassium dichromate and eerie  sulphate in  acid so lu tion . Both 
d ire c t (potassium molybdocyanide in  the c e ll) and reverse 
(manganic sulphate, potassium dichromate and eerie  sulphate in  
the c e ll)  titra tio n s  were carried  out using bright platinum 
and "saturated calomel electrode. The titra tio n s  were performed 
a t d iffe re n t concentrations o f the reactants in  order to check 
the re s u lts . T insley potentiometer (type 338713) w ith lamp 
and scale arrangement was used in  performing the experiments. 
The re su lts  are tabulated as fo llow s:
Table 1.
10 cc of 0.00833 N K2^ Mo(CN)g in  2N against manganic
sulphate o f strength 0.0188H.
? o l. of Po t. 7s S .C .S . Vo l. o f Po t, Vs S .C .S .
Mn2(S0^)^ V o lt. Mq2(S0^)^ V o lt.
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0.0 cc 0.4596 4.2 cc 0.6721
1.0 cc 0.5580 4.4 cc 0.7070
2.0 cc 0.5870 4.5 cc 0,7767
3.0 cc 0.6157 4.6 cc 0.9361
3.5 cc 0.6320 4.7 cc 0.9967
3.8 cc 0.6455 4.8 cc 1 .0381
4.0 cc 0.6600 5.0 ee 1.0766
( P ig . 1, curve 1)
10 cc of 0.00833N K^Mo(CN)g 
= 4.5 cc of 0.0188N 
= 10,1 cc of 0.00833N
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Table 2.
10 cc o f 0.01H Kj^ Mo(CN)g in  2N against manganic sulphate
o f strength 0.0188N*
T o l. of 
MngCSO;;^ )^
Po t. Vs S .C .S . 
V o lt.
V o l. o f Po t. Vs S .C .S . 
MngCSO )^^  V o lt.
0.0 cc 0.4311 4.9 cc 0.6821
0.5 cc 0.5152 5.0 cc 0.6957
1 .0 cc 0.5542 5.1 cc 0.7238
2.0  cc 0.5865 5.2 cc 0.7420
3.0 cc 0.6110 5.3 cc 0.8245
4.0 cc 0.6385 5.4 cc 0.9106
4.5 cc 0.6591 5.5 cc 0.9310
4.7 cc 0.6660 5.6 cc 0.9520
4.8 cc 0.6741 6.0 cc 1.0226
( F ig . 1, curve 2)
10 cc o f 0.01N Kj|^ Mo(CH)g
s  5.3 cc of 0.0188N 11112( 304)3 s 10.0 cc of 0.01N Mii2(S04)3
Table 3.
20 cc of 0.0192H K^Mo(CN)g in  2N HgSO  ^ against manganic
sulphate of strength 0.089H.
V o l. of Po t. Vs S .G .E . V o l. of Po t. Vs S .C .S .
MngCSO )^^ V o lt. 1502( 804)3 V o lt.
0.0 cc 0.40^^ 4.0 cc 0.6521
0.5 cc 0.5237 4.2 cc 0.6780
1 .0 cc 0.5490 4.3 cc 0.8142
1.5 cc 0.5602 4.4 cc 0.9116
2.0 cc 0.5795 4.6 cc 1.0805
3 *0 cc 0.6100 5.0 cc 1 .1217
( P ig . 1, curve 3)
20 cc o f 0.0192N K4Ko(CN)g 
= 4.3 cc o f 0.G89N Mh^CSO )^^  - 20 cc of 0.0192N Mn^CSO )^^
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Table 4.
20 cc of 0,021211 K^Mo(Ca!J)g In  2IT S^Oji^  ^ against manganic sulphate 
Ox strength 0.089N.
V o l. of 
MngC30^)3
Pot* Vs S*C«S* 
V o lt.
V o l. of 
MhgCSO )^^
Po t. Vs S .C .E . 
V o lt.
0,0 cc 0.4030 4,5 cc 0,6621 '
0.5 cc 0,5166 4,7  cc 0,6825
1 ,0  cc 0,5417 4,9 cc 0,7685
1 .5 cc 0,5598 5*0 cc 0,8749
2,0  cc 0,5750 5*1 cc 1,0670
3 .0 cc 0,6026 5.2 cc 1,1002
4,0 cc 0.6335 5.5 cc 1.1315
( F ig . 1, curve ^ )
20 cc o f 0.0212N Kj|^ Mo(CH)g 
= 5.0 cc o f 0.089N MngCSO/j^ )^  r  20.0 cc of 0.0212H 1^ 2( 804)^
Table 5.
10 cc of O.OO56H MngCSO )^^  against 0.02N K^Mo(CN)g
V o l. of 
K4Mo(CN)g
Po t. Vs S .C .S . 
V o lt.
V o l. of 
K4Mo(CH)g
Po t. Vs S .C .E , 
V o lt.
0,0 cc 1.0845 2,7  cc 0.9740
0,5 cc 1.0750 2.8 cc 0.9710
1 ,0 cc 1.0682 Z*9 cc 0,7310
2.0 cc 1 .0320 3.0 cc 0.6935
2,5 cc 1.0040 3.2 cc 0.6670
2,5 cc 0.9975 3.5 cc 0.6515
( F ig , 2, cTirve 1)
10 cc o f O.OO56N MhgCSO )^^
2.85 cc of 0.02N K4Mo(CH?g = 10.1 cc of 0.0056N K4Mo(CN)g
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Table 6.
10 cc of 0,006411 MngCSO/j,)^  against 0.02N K/^ MoCCaDg
7 o l. of Po t. Vs S .C .E . V o l. of Po t, Vs S .C .E .
K^Mo(CN)g V o lt. K^Mo(CN)g V o lt.
0.0 cc 1.0932 2.8 cc 0.9821
0.5 cc 1.0823 3.0 cc 0.9517
1.0 cc 1.0795 3.1 cc 0.9000
1.5 cc 1 .0582 3.2 cc 0.6957
2.0  cc 1.0417 3.4 cc 0.6710
2.5  cc 1.0819 4.0 cc 0,6500
' ' ■ ■  .1 ■■ ■ I II ■! 1 I I . -  ■ llll ■ . ■ ■« > ! ■  I. ■ 1 ......... .. ■■ II ■ I I .1 ............................
( F ig . 2, curve 2 )
10 cc of 0.0064k Mn^ C304)3
= 3.2 cc of 0.02H K4Mo(CN)g = 10 cc of 0.0064N K4Mo(CH)g
Table 7 .
10 cc of 0.0072N 11112( 304)3 against 0.02M K4Mo(CN)g
V o l. of 
K4Mo(CN)g
Po t. Vs S .C .E . 
V o lt.
Vo l. of 
K4Mo(CN)g
Po t. Va S .C .E . 
V o lt.
0.0 cc 1.1333 3.2 cc 1.0420
0.5 cc 1.1152 3.4 cc 1.0035
1 .0 cc 1 .0936 3.5 cc 0.9501
1 .5 cc 1.0842 3.6 cc 0.8740
2,0  cc 1.0805 3.7  cc 0.7226
2.5  cc 1.0702 3.8 cc 0.7000
2,8 cc 1.0324 4.0 cc 0.6725
3.0 cc 1.0264 5.0 cc 0.6619
( P ig . 2, cTirve, 3 )
10 cc o f 0 .0072N 1^112(304)3 
= 3.6 cc of 0.02N K4Mo(CN)g = 10 cc of 0.0072N K4Mo(CN)g
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Table 8.
10 cc of 0.0082N Mii2(S 04)^ against 0.02K K^Mo(CN)g
V o l. of Observed S .H .P . Vo l. o f Observed E.M .F,
Kj^ Mo(CN)g V o lt. K4Mo(CN)g V o lt.
0*0 cc 1 ,1223 3.8 cc 1.0120
0,5 cc 1 .1000 4.0 cc 1.0092
1 ;G cc 1 .0821 4.1 cc 0.8605
1.5 cc 1.0719 4.2 cc 0.7349
2.0 cc 1.0634 4.3 cc 0.7128
3 .0 cc 1.0400 4.5 cc 0.6911
3.5 cc 1 .0253 5.0 cc 0.6802
3.7 cc 1.0198 6.0 cc 0.6712
( P ig . 2 , curve 4 )
10 cc of 0.0082N Mn^ CSO/j,)^
= 4*1 cc of 0.02N K4Mo(CN)3  = 10 cc o f 0.0082N K4Mo(CN)g
Table 9 . •
'■
20 cc of 0.04N K^MoCCN)^  In  4N HgSO  ^ against 0.1 N K2Cr20^
V o l. of Po t. Vs S .C .S . Vo l. o f Po t. Vs S .C .S .
V o lt. K^CrgO^ V o lt.
1 *0 cc 0.5331 7.2 cc 0.7834
2.0 cc 0.5556 7*4 cc 0.8820
3.0 cc 0.5750 7.6 cc 0.9200
4*0 cc 0.5862 8.0 cc 0.9512
6*0 cc 0.6250 8*5 cc 0.9587
6,5 cc 0.6454 9.0 cc 0.9630
7.0 cc 0.7055 10.0 cc 0.9644
( P ig . 3, curve 1 )
20 cc of 0.04N K4Mo(CN)g
= 7.3 cc o f 0.1N KgCrgO  ^ a 18,25 cc of 0.04N KgCrgO^
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Table 10. '
20 cc of 0.045N K^Mo(CN)g in  4N HgSO  ^ against 0.1N KgCrgO^
V o l. o f Po t. Vs S .C .E . V o l. o f Po t. Vs S .C .E .
K2Cr20^ V o lt. KgCrgO^ V o lt.
1.0 cc 0.5355 7.8 cc 0.7095
2.0 cc 0.5580 8.0 cc 0.7628 ■
4.0 cc 0.5838 8.2 cc 0.8547
5.0 cc 0.5978 8.4 cc 0.9128
6.0 cc 0.6130 8.6 cc 0.9415
7.0 cc 0.6370 9.0 cc 0.9605
7.5 cc 0.66/.2 10.0 cc 0.9686
( F ig . 3, cTWve 2 )
20 cc o f 0.045N K2Mo(CN)g
= 8,,1 cc of 0.1 N K2Cr20^ s 18.0 cc of 0.045H KgCPgO^
Table
20 cc of 0.05N K4Mo(CN)q in  Ail HgSO  ^ against 0.1N KgCPgO^
Vol.. of Po t. Vs S .C *E. V o l. .of Po t. Vs S .C .E .
KgCi*2°7 V o lt. ^^^2® 7 V o lt.
1.0 cc 0.5323 8.0 cc 0.6929
2.0 cc 0.5535 9.0 cc 0.7320
4.0 cc 0.5790 9.2 cc 0.7900
6.0 cc 0.6038 9.4 cc 0.8650
7.0 cc 0.6177 9.6 cc •0.9125
8.0 cc 0.6420 10.0 cc 0.9465
8.5 cc 0.6680 11 .0 cc 0.9635
( F ig . 3, curve 3 )
20 cc o f 0.05N K2^ Mo(CN)g
= 9.2 cc of 0.1N = 18.4 cc of 0.05N
Table 12.
20 cc o f 0.055H Kj5Mo(CN)g in  HgSO  ^ against 0.1N
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V o l. of Po t. ¥s S..C.E Vol.. o f Po t. Vs S .C .S .
KgCrgO^ V o lt. V o lt.
1 .0 cc 0.5491 9.5 cc 0.7005
2.0 cc 0.5672 9.8 cc 0.7685
3*0 cc 0.5742 10.0 cc 0.8415
4.0  cc 0.5895 10.2 cc 0.8990
6.0 cc 0.6082 10.4 cc 0.9338
8 #0 cc 0.6332 11 .0 cc 0.9694
9.0 cc 0.6593 12.0 cc 0.9768
( F ig . 3, curve 4 )
20 cc o f 0.055N K^Mo(CN)g
= 9.9 cc of 0.1N KgCr.i°7 = 18.0 cc of 0.055N KgCrgO^
Table 13.
20 cc o f 0,»04N KgCrgO^ In  4N against 0.1N K;^ Mo(CH)g
V o l. o f Po t. Vs S .C .E . Vo l. of Po t. Vs S .C .E .
Kjj^ Mo(CH)g V o lt. K^Mo(CN)g V o lt.
1 .0 cc 0.9465 8.0 cc 0.9376
2.0 cc 0.9650 8.3 cc 0.8182
3.0 cc 0.9700 8.5 cc 0.7591
4.0 cc 0.9786 8.7 cc 0.7167
6.0 cc 0.9831 9.0 cc 0.6702
7.0 cc 0.9755 10.0 cc 0.6272
7.5 cc 0.9633 11.0 cc 0.6122
( F ig , 4, curve 1 )
20 cc o f 0.04K KgCr^O^
= 8.4 cc o f 0.1N K;.Mo(CH)« = 21 cc of 0.04N KaMoCCN)^
8
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Table 14.
20 cc o f 0.045N KgCr^Oy in  kS against 0.1N K^MoCcaD^
V o l. o f . Po t. Vs S .C .E . Vo l. of Po t. Vs S .C .E . 
Kj|^ Mo(CH)g V o lt. K^Mo(CH)g V o lt.
1.0 cc 0.9890 9.4 cc 0.8550
3*0 cc 1.0110 9.6 cc 0.7696
5.0 cc 1.0075 9.8 cc 0.7304
7.0 cc 0.9927 10.0 cc 0.6907
8.0 cc 0.9796 10.5 cc 0.6510
9.0 cc 0.9560 11.0 cc 0.6361
9.2 cc 0.9246 12.0 cc 0.6194
t F ig . 4, curve 2 )
20 cc of 0.045N KgCrgOy
= 9.,5 cc of 0.1N Kj^ Mo(CN)g ;: 21.1 cc o f 0 .045N K^Mo(CH)g
Table 15.
20 cc of 0.05N KgCr^O^ In  4N against 0.1N ^Cr20y
Vol,. of Po t. Vs S .C .E . V o l. of Po t. Vs S .C .E .
"Kjlto ( ON) g V o lt. •K2j^ Mo(CN)g V o lt.
1.0 cc 0.9700 10.3 cc 0.8855
2.0 cc 0.9718 10.5 cc 0.7918
3.0 cc 0.9733 10.7 cc 0.7512













10.0 cc 0.9385 13.0 cc 0.6200
( F ig . 4, curve 3 )
20 cc o f 0.05N ^Cr20^
- 10.5 cc of 0.1N K4Mo(CN)8 = 21 cc of 0.05N K4Mo(CN)g
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Table 16.
20 cc o f 0.055N I^ CrgO^ in  im against 0.1N K^CrgO^
V o l. of 
Kj^ Mo(CN)g
Po t. Vs S .C .B . 
V o lt.
Vo l. o f 
K4Mo(GN)g






























( F ig . 4, curve 4 )
20 cc o f 0.055N ^^^2°7
= 11.7 cc o f 0.1N ‘Kj^ Mo(CN)g = 21 .27 cc of 0.055N K|Mo(CN)g^
1
Table 17.»
20 cc of 0.01N K/jMo(CN)g against 0.043N Ce(S0j[^ )2
V o l. of 
CeCS0/^ >2
Po t. Vs S .C .B . 
V o lt.
V o l. o f 
Ce(S0^)2
Po t. Vs S .C .E . 
V o lt.
0.0 cc 0.4200 4.6 cc 0.6720
1 .0 cc 0.5557 4.7  cc 0.7000
2.0  cc 0.5810 4.8 cc 0.9192
3.0 cc 0.6036 4.9 cc 1.0325









4.5 cc 0.6625 6*0 cc 1.1145
( P ig . 5| ciirve 1 )
20 cc of 0*G1N K^Mo(CN)g
= k.75 cc of 0.043N 00(80^)2 s  20.3 cc o f 0.01 N Ce(S0j^ )2
- 180 -
Table 18.
20 cc o f 0.0125N K4Mo(CN)g against 0.043N CeCSO^)^
concentration of ^  Kj[|^ Mo(CN)g ■ 4 N
V o l. o f Po t. Vs S .C .E . Vo l. o f Po t. Vs S .C .E . 
06(80^)2 V o lt. Ce(S0^)2 V o lt.
0.0 cc 0.4474 5.9 cc 0.6875
1.0 cc 0.5415 6.0 cc 0.7372
3.0 cc 0.5837 6.1 cc 0.9747
4.0 cc 0.6014 6.2 cc 1.0300
5.0 cc 0.6250 6.4 cc 1.0600
5.5 cc 0.6453 6.8 cc I .0719
5.7  cc 0.6595 7.0 cc 1.0890
5.8 cc 0.6700 8.0 cc 1.1050
•
( F ig . 5, curve 2 )
20 cc o f 0.0125N K2j^ Mo(CN)g 
a 5.95 cc o f 0.043N CeCSO^)^  « 20.4 cc o f 0.0125N 00( 304)2
Table 19.
20 cc of 0.02N K^Mo((3N)g against 0.043N Ce(S0/j,)^  concentration 
o f HgSO  ^ in  Kj5^Mo(QEf)g « 4 N
V o l. of 
Ce(304)2
Po t. Vs S .C .E . 
V o lt.
Vo l. o f 
06( 304)2
Po t. Vs 3 .C .S. 
V o lt.
0.0 cc 0.4405 9.2 cc 0.6744
1 .0 cc 0,5285 9.4  cc 0.7045
3.0 ec 0.5650 9.5 cc 0.8157
5.0 cc 0.5873 9.7  cc 1.0232
7.0 cc 0.6110 10.0 cc 1.0662
8.0 cc 0.6285 > 10.2 cc 1.0754
8.5 cc 0.6400 10.5 cc 1.0822
9*0 cc 0.6605 11.0 cc 1.0912
( F ig . 5, curve 3 )
20 cc o f 0.02N K4Mo(CN)g
s  9*5 cc of 0.043N 06( 304)2 ^  20.3 cc of 0.02N €6(804)2
i H-j •; r;
: rrmtr- , JHHtit
Table 20.
20 cc of 0.0125H Ce(S0jtj^ )2 against 0.1N K/^ Mo(CN)g concentration 
of HgSO^  ^ in  Ce(S04)2 . s 4N.
Vo l. o f Po t. Vs S .C .E . V o l. o f Po t. Vs S.C .B .
K;^ Mo(CN)g V o lt. Kj|j^ CCN)g V o lt.
0.0 cc 1.1450 2.3 cc 0.9786
0.5 cc 1.1346 2.4 cc 0.6824
1.0 cc 1.1211 2.5 cc 0.6535
1.5 cc 1.0976 2.6 cc 0.6410
2.0 cc 1.08W 2.8 cc 0.6267
2.2 cc 1.0485 3.0 cc 0.6175
( F ig . 6, curve 1 )
20 cc of 0.0125N K^ MoCCSlDg 
s 2 .4  cc of 0.1K K^Mo(CN)8 a 19.2 cc of 0.0125N K4Mo(eN>3
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Table 21.
20 cc of 0.02N Ce(S0/^)2 against 0.1N Kj^ Mo(CN)g concentration 
of HgSOji^  in  Ce(S0j^ )2 * 411.
V o l. of Po t. Vs S .C .S . Vo l. of Po t. Vs S .C .B .
K4Mo(CN)q V o lt. K4Mo(CN)g V o lt.
0.0 cc 1.1725 3.8 cc 0.9800
1 .0 cc 1.1615 3.9 cc 0.6815
2.0 cc 1.1517 4.0 cc 0.6611
3.0 cc 1.1320 4.2 cc 0.6427
3.5 cc 1.1060 4.5 cc 0.6286
3.7 cc 1.0986 5.0 cc 0.6150
( P ig . 6, ciirve 2 )
20 cC of 0.02N €6(304)2
a 3.85 cc of O.IN K4Mo(CN)g •  19.25 cc o f 0.02N K4Mo(CN)g
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Table 22.
20 cc of 0.033N Ce(S0|^)2 against 0,1N Kj|Mo(CN)g concentration
o f HgSG  ^ in  CeCSO^)^  »
Vo l. o f Po t. Vs S .C .E . Vo l. o f 
K|^Mo((3l)g V o lt. K/^ Mb(CN)g
Po t, Vs S .C .E . 
V o lt.
0*0 cc 1.1777 6.0 cc 1.0795
*
1 .0 cc 1.1665 6.2 cc 1.0328
2.0 cc 1.1562 6*4 cc 0.7390
4.0 cc 1.1400 6.5 cc 0.6870
5.0 ce 1.1250 6.6 cc 0.6690
5*5 cc 1.1125 7.0 cc 0.6455
( F ig . 6, c\3Tve 3 )
20 cc o f 0.033H 06(304)2 
a 6,4 cc o f O.IN K4Mo(CH)g « 19.2 cc of 0.033H K4Mo(0N)g
Table A.
Summary o f the potentlom etrlc t itra tio n s .
D ire c tI Manganic sulphate, potassium dichromate and eerie 
sulphate as the oxidising t itr a n ts .
V o l. and Cone, 
o f K4Mo(CN)g
V o l. and Cone, 
of the oxid ising 
t itra n t
V o l. of the Ratio
t itra n t equivalent 
to K4Mo(CN)g MngCSO )^-
Mo(CH) f
1. Manganic sulphate.
10 cc, 0.00833H 4.5 cc,
10 cc, 0.01N ,5.3 cc,
20 cc, 0.0192N .4 .3  cc,
20 cc, 0.02i2N 5.0 cc,

























1 : 1 
1 : 1 







3 . C eric sulphate
20 cc, 0.01N 4.75ec, 0.043N
20 cc, 0.0125N 5^95ec, 0.043N
20 cc, 0.02N 9p5 cc, 0.043N
1 : 1.09 
1 ; 1.11 






1 I 1.01 
1 8 1.02 
1 : 1.01
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Table B*
Sninma-pv of the potentlCTaetrlc t itra tio n s . 
Reyg£§.e.t £.otas^luffl m o ly^ p cy^ d e . ,gt ^ ..the.tltj^ n $ .
7ol# anc Cone, 
o f the oxidant
Vo l. and Cone, 
of KjjMo(CN)g
from the curve




Mn2(S0^)^  t 
Mo(CN)|*‘
1. Manganic sizlphate.
10 cc, 0.0056H 
10 cc, 0.0064N 
10 cc, 0 .0072N 
10 cc, 0.0082H
2.85 ce, 0.02N
3.2 cc, 0.02N 














2 . Potassium dlchrornate KgCrgOy » Mb(CN)J
20 ce, 0.04N 
20 cc, 0.045N 








21 .0 cc 
21 *27cc
1 s 1.05 
1 t
1 : 1.05 
1 * 1.06
3 . C eric sulphate
20 cc, 0.0125N 2.4 cc, 0.1N
20 cc, 0.02N 3.85CC, 0.1N
20 CC, 0.033H 6.4 cc, 0.1N




1 ; 1.04 
1 * 1.03
1 : 1.04
-  184 -
method of determ ining fo r molybdo- molybdlcyanlde
eouple
The same method as employed by Eo lth o ff (lo c*  c lt« ) was 
followed w ith the only m odification that meastirements were 
carried  out against a saturated calomel electrode instead of 
normal hydrogen or quinhydrone electrode* Since potassium 
molybdocyanide and potassium molybdicyanide behave lik e  strong 
e le c tro ly te s I the oxidation p o ten tia l should be g rea tly  affected 
by a change o f the io n ic  strengths o f the solution* The purpose 
o f the study was to  determine the po ten tia l of the potassium 
molybdocyanide - potassium molybdi cyanide system a t varying 
io n ic  strengths and to extrapolate the value to an io n ic 
strength o f zero; in  other words, to determine the normal
•
p o ten tia l of the system* In  add ition , the p o ten tia l o f a very 
d ilu te  molybdo - molybdicsranide was determined in  presence of 
d iffe re n t neu tra l sa lts  a t varying io n ic  strengths, in  order 
to te s t the a p p lic a b ility  of the Debye-Hucl^ el equation*
At extremely sm all io n ic  strengths, the re la tio n  between 
the a c t iv ity  co e ffic ie n t o f an ion and the io n ic  strength of 
the so lu tion  is  given by the expression;
- log f  a A 2? Jm  (1 )
where A is  a constant fo r the solvent a t the sp ec ific  teH5>era- 
ture and has a value of 0,514 fo r water a t 30®C, and M. the- 
io n ic  strength* The oxidation p o ten tia l E of the system 








 ^ Mo(CN)^ ’
= Eq t  0.060 log  ___ X___  f3/f4
°  Mo(CN)g"
(3 )
The normal p o ten tia l E® denotes 14ie p o ten tia l referred  the
normal hydrogen electrode in  a system in  ^ ic h  the a c t iv ity  of
a 3—the molybdicyanide MoCCiN);:- is  equal to that of molybdocyanide
L.® Mo(CH)g" ' ® Mo(CH)|*' and ® M o(caf)J“ represent the
corresponding concentrations, where as f3 and f4  represent the 
activi-ty co e ffic ie n ts  of the molyhdicyanide and the raolyMo- 
cyanide ions. I f  the lim itin g  Debye - Hnckel expression 
(equation 1) holds a t e x tr^ e ly  sm all io n ic  strengths and the 
system contains equim olecular amounts o f potassium molybdicyanide
and potassium molybdocyanide> i t  is  fo ^ d  from equations 1 and1
2 th at :
E s, Eq t 0.060 log f3/f4  • Eq t 0.06 X 3.5 ^fK
Therefore i f  the lim itin g  Deljye - Huckel expression holds, the * 
measured p o ten tia l E should change by 0.21 vo lt fo r one unit 
change in  the square root o f the io n ic  strength.
For the p ra c tica l work three sets of experiments were 
performed. In  the f ir s t  set equimolecular mixtures of potassium 
molybdocyanide and potassium molybdicyanide were taken and 
p o ten tia l w ith respect to saturated calomel electrode was 
measured fo r the so lutions of concentrations from 0,024 to 
0.00G05M (corresponding to  an io n ic  strength of 0.384 to 0.00065)*
In  the second set the ra tio  o f potassitim molybdocyanide to 
potassium molybdi cyanide was kept 10 : 1 and p o ten tia l «as 
aeasured a t eight d iffe re n t concentrations w hile in  the th ird  
the ra tio  o f potassium molyhdocyanide to potassium molybdlcyanide 
was kept 1 t 10,
E ffe c t o f uni vent cations lik e  Na"^  and and anions 
C l and " was also  observed in  d ilu te  equimolecular solution, 
o f potassium molybdo- and m olyM icyanide (0*0G2AM) • The 
readings were taken on a pye p recision  vern ier potentiometer 
c a t. Ho: 7568. The re su lts  are given In  the follow ing tab les*
Table 23.
Oxidation p o ten tia l of equim olecular mixtures o f potassium 
molybdocyanide and potassium molybdicyanide.
-  186 -
H * Observed E J I . P . E (in  v o lt)
* ( in  vo lt) actainst S .C JB .
0.024 0.384 0.6195 0*53625 0*77595
0.012 0.192 0*4370 0*52427 0*76397
0*752400.006 0.096 0*3103 0*51270
0*003 0*048 0*2191 0.50315 0*74285
0*001 0.016 0*1265 0*48015 0*71985
0.0008. 0*0128 0*1137 0*47773 0.71 W
0*0006 0*0096 0.098 0.47720 0*71690
0*0004 0*0064 0*080 0.46094
0*42746
0*70064
0*0002 0*0032 0*0565 0.66716
0*0001 0«0016 0*040 0*36533 0.60503
0*00008 0*00128 0*0359 0*33004 0*56974
0.00005 0.00065 .... 0.27107 -0,51077
( P ig * 7» curve 1 )
Io n ic  strength (/W-), which is  a measure of the in te n s ity  of the 
e le c tr ic a l f ie ld  due to the ions in  so lu tion , is  defined as h a lf
the sum o f the terms obtained by m ultip lying  the m o la lity , or
concentration, o f each ion present in  the so lu tion  by the Square 
o f it s  valence: that is  M. m ^ ^  C iz i . was calcu lated 1?y 
th is  method and is  shown fo r one molar concentration where both
Kj|^ Mo(CN)g and K3Mo(CN)g are equal to 0,02AM
= i  (0.024 ( 4 r  t  1 X 4  ^ 1 3 X 1 1 X 3^))
h (0.024 ( 4 t  16 t  3 t  9 ) )
i  (0.024 C 32) ) - 0.024 x 16 - 0.384
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Table 24.
Oxidation po ten tia ls measured in  a mixture containing 
K|Mo(C!II)g and K^Mo(CN)g in  the ra tio  10 : 1,
K4Mo(CN)3 K3Mo(CN)g Total jul 'Tu-
H M
Observed B (in  vo lts ) B 
B.H .F* against calcu latetl 
( in  vo lt ) S ,C .E .
0.024 0.0024 0.2544 0.5043 0.46260 0.70230 0.7623
0.012 0.0012 0.1272 0.3561 0.45141 0.69111 0.75111
0.006 0*0006 0.0636 0.2523 0.44036 0.68006 0.74006
0.003 0.0003 0.0318 0.1783 0.ii284l 0.66811 0.72811
0.0024 0.00024 0.02544 0.1595 0.41841 0.65811 O.7I 8I I
0.00192 0.000192 0.02035 0.1i»27 0.41243 0.65213 0.71213
0.0012 0.00012 0.01272 0.1128 0.34203 0.58173 0.64173
0.0072 0.000072 0.007632 0.0873 0.30273 0.54243 0.60243
(P ig . 7i curve 2 )
♦ fo r one molar concentration where K^Mo(CN)g and K^Mo(C!N)g 
are 0.024 and 0.0024H resp ective ly , was calctdated as follows*
s h ( 0.024 ( 4 X 1^  1 X 4^) 0.0024 (3 X 1^  t  1 X 3^))
a  ^ ( 0.024 ( 4 X 16 ) t  0.0024 ( 3 t  9 ) )
s i  ( 0.024 X 20 t  0,0024 X 12 ) )  - 0.2544
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Tatle  25.
Oxidation po ten tia ls measured in  a mixture containing 





Total ^  Observed B (in  v o lt) E
E.M .F. against calculated 
(in  v o lt) S .C .S .
0.0024 0.024 0.168 0.4100 0.57446 0.8146 0.75416
0.0012 0.012 0.084 0.2898 0.56398 0.80368 0.74368
0.0006 0.006 0.042 0.2049 0.55362 0.79332 0.73332
0.0003 0.003 0.021 0.1449 0.539 52 0.77923 0.71922
0.00024 0.0024 0.0168 0.1296 0.53653 0.77623 0.71623
0.000192 0.00192 0.01344 0.1173 0.52955 0.76925 0.70925
0.00012 0.0012 0.0084 0.09166 0.51853 0.75823 0.69823
0.000072 0.00072 0.00504 0.07099 0.49083 0.73053 0.67053
( Fig* 7> curve 3 )
* fo r one molar concentration where K^ |^ Mo(Casr)g and 
K^MoCCN)^  are 0 , 0 0 2 4  and 0 .02A M  re sp ective ly , was calcu lated  
as fo llo w s:
= I ( 0 . 0 0 2 4  ( 4  X V 1 X 4 ^ )  0 . 0 2 4  ( 3 x 1 x 3 ^ ) )
a  i  (  0 . 0 0 2 4  ( 4  t  1 6  )  t  0 . 0 2 4  ( 3  t  9  ) )




S«M«F» meas'oreiaents in  0*0024 molap molybdo- m olyM icyanide





o f acids ana 
0 b s e 
HCl
sa lts* 
r  V e d 
NaCl
£• M. F .
KCl
0.3 M 0.3384 0.51546 0.52637 0.54726
0.1 M 0.1384 0.51612 0.51838 0.53063
0.05M 0.0884 0.51333 0.51319 0.52115
ac id /sa lt Total 0 b s e r  V e d E . M. F .
Concentration yCL ❖
H2SO4 Na2S04 K2SO4
0.3 M 0.9384 0.51036 0.54477 0.55010
0.1 M 0.3384 0.50877 0.52930 0.53905
0.05M 0.1884 0.50695 0.52125 0.53049
* fo r one molar concentration where both Kj^ ^Mo(CH)g and
K3Mo(CN)g are equal to 0*002AM and the concentration o f HCl,
HaCl or KCl is  0.3M was calcu lated  as fo llow s:
3  ^(0*0024 (4  X -Y 1 X 4^) t  0.0024 (3 x 4 1 x 3^)
i ‘0.3 ( 1 X t  1 X 1^))
3 i  (0.0024 X 20 A 0.0024 x 12 t  0*3 X 2)
a I  (0.0480 t  0.0288 t  0.6) 0.3384
« fo r one loolar concentration where both Kj^ Ho(CN)g and
K^Mo(CN)g are equal to 0.0024M and the concentration of 
Na2S0|j. and K^ SO/j^  is  0.3M, is  calcu lated  as follows*
s  ^(0.0024 (4  X t  1 X 4^)  ^ O.OOZl*. (3 X V 1 X / )
t  0.3 (2 X 1 1, 1 X 2 ) )
8  ^(0.0024 X 20 t  0.0024 X 12 t  0.3 X 6)
s h (0.0480 0.0288 t  1*8) 0.9384
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Table 23 gives the average of the re su lts  o f measurements 
w ith equimolecular mixtures of potassium molybdocyanide and 
potassium molybdicyanide. The value o f E ° was found by p lotting  
the measured value of E against and extrapolating the 
stra ig h t lin e  portion of the curve to an io n ic  strength of zero. 
I t  was found to be 0.725V. The data are p lotted in  F ig . 7, 
curve (1 ). The stra ig h t lin e  (curve A, P ig . 7) represents the 
change of E , assuming the lim itin g  Debye - Huckel expression 
to hold good. The calcu lated  values of E on the basis of lim it­
ing Debye-Huckel expression are given below:
J m . E JTx E
0.6195 0.8560 0.098 0.7465
0.4370 0.8177 0.080 0.7428
0.3103 0.7911 0.0565 0.7378
0.73440.2191 0.7720 0.040






The oxidation po ten tia ls were measured in  mixtures 
containing ra tio s  of potassium molybdocyanide and potassium 
molybdicyanide of 10 j 1 and 1 ; 10* The data are, given in  
tab les 24 and 25. They were recalcu lated  on the basis of a 
ra tio  of the concentrations of 1 : 1 and corresponding E® values 
p lotted  in  curves 2 and 3j F ig . 7. The rep ro d u c ib ility  of the 
measurements in  the very d ilu te  so lutions containing unequal 
m olecular ra tio s  of molybdocyanide and molybdicyanide is  not 
as good as of those reported in  tab le 23; therefo re, the 
extrapolated value of E ° a t an io n ic  strength of zero is  less
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re lia b le  In  the former cases.
Determ ination of of the molybdo- molvbdicyanide system
by the titra tio n  method using Ceric sulphate as po ten tia l 
m ediator.
Potassium molybdocyanide was titra te d  against standard 
ce ric  sulphate so lu tion , the la tte r  acting as a po ten tia l 
m ediator. Po ten tia ls  were measured during the progressive 
oxidation of potassium molybdocyanide and the E ° value 
calcu lated  a t each step .
The p o ten tia l a t the bright platinum electrode was 
read against saturated calomel electrode in  the c e ll. 10 cc 
of 0*02^ potassium molybdocyanide so lution  was taken in  the 
c e ll and the equilibrium  po ten tia l was read a fte r h a lf an hour. 
Increasing amounts o f 0.0465N ce ric  sulphate was added from 
25 cc standard burette and the readings taken fifte e n  minutes 
a fte r each add ition . The t itra t io n  was continued t i l l  the 
end point was reached as ind icated by the sudden change in  
p o ten tia l the add ition of a sm all drop of the t it r a n t .
The above experiments were performed in  d iffe ren t sulphuric 
acid  concentrations ranging from 0.5N to 9*0N a t 30°C*
The normal p o ten tia l of the molybdo-molybdicyanide 
couple was calcu lated  as fo llo w s: Let t^be "ttie volume of the
t itra n t added when the sudden change in  p o ten tia l occurs 
( i . e .  when ttie oxidation is  complete) and t  be the amount added 
a t any point in  the t itra tio n , then at th is  point 0, the 
oxidised form is  equivalent to t  and r ,  the reduced form w ill
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be equivalent to - t*  On substitu ting  these values in  the 
equation E ■ - RT/nP log OX/red,, we get E s Eq - RT/nP
I
log t/ tc  “  t ,  ■srtiere Eq is  the normal po ten tia l of the system* 
The readings taken fo r the various acid concentrations are 
entered in  the follow ing pagest
Cone*
Table 27*
values a t various concentrations of BgSO;,
Volume and concentration of KaMo(CN)o so lution  in  the c e ll
^ 8 .  10 cc, 0.025N
Norm ality of Ce(S0j[^ )2 so lution
Value fo r S .C .S , (a t  30®C)
s 0,0465N 
0.2397
of Vo l. of Percentage Po t. Obs. E le c .





1 .0  N
1.0 18.50 .5325 0.7722 -.6435 .8101
2.0 37.00 .5582 0.7979 - .2305 •8115
3.0 55.50 .5778 0.8175 .0969 .8118
4.0 74.00 .6008 0.8405 .4560 .8136
4.5 83.33 .6161 0.8558 .6990 .8146
4.8 88.88 .6296 0.8693 .9030 .8160
5.0 92.59 .6429 0.8826 1.0969 .8179
5.2 96.29 .6685 0.9082 1.4150 .8147
5.4 100 .9253
0.5 9.25 .5133 .7530 ♦ .9912 '.8115
1.0 18.50 .5372 .7769 -.6435 .8148
2.0 37.00 .5621 .8018 _  .2305 .8154
3.0 55.50 .5826 .8223 .0969 .8166
4.0 74.00 .6052 .8449 .4560 .8180
4.5 83.33 .6190 .8587 .6990 .8145
4.8 88.88 .6312 .8709 .9030 .8176
5.0 92.59 .6432 .8827 1.0969 .8182






















3.0 N 0.5 9*25 .5380 .7777 -.9912 .8362
1.0 18.50 .5571 .7968 -.6435 .8347
2.0 3 7.00 .5807 .8204 -*2305 .8340
3.0 55.50 .6005 .8402 .0969 .8345
4.0 74.00 .6220 .8617 .4560 .8348
4.5 83.33 .6361 .8758 *6990 .8346
4.8 88.88 .6485 .8882 .9030 .8349
5.0 92.59 .6611 .9008 1.0969 .8361
5.2 96.29 .6828 .9225 1.4150 .8390
5.4 100









Table 2 ? (Contd.)
0.5 9.25 . . .9912
1.0 18.50 .5659 .8056 - .6435
2.0 37.00 .5893 .8290 - .2305
3.0 55.50 .6070 .8467 ♦0969
4.0 74.00 .6280 .8677 .4560
4.5 83.33 .6421 .8818 .6990
4.8 88.88 .6541 .8938 .9030
5.0 9259 .6680 .9077 1.0969
5.2 96.29 .6928 .9325 1.4150
5.4 100.00 %
0.5 9.25 .5582 .7979 - .9912
1.0 18.50 .5784 .8181 -^.6435
2.0 37.00 .6003 .8400 -.2305
3.0 55.50 .6170 .8567 .0969
4.0 74.00 .6374 .8771 .4560
4.5 83.33 .6515 .8912 .6990
4.8 88.88 .6637 .9034 .9030
5.0 92.59 .6760 .9157 1.0969
5.2 96.29 .70006 .9483 1.4150
5.4 100.00 .9535



























































































































.5714 .8111 “  .9912 .8698
.5905 .8302 -.6435 .8681.6132 .8529 -<.2305 .8668.6302 .8699 .0969 .8642.6500 .8897 .4560 .8628
.6635 .9032 .6990 .8620
.6756 .9153 .9030 .8620
.6865 .9262 * 1.0969 .8615



















.5814 .8211 ~ .9912 .a?98
.5985 .8382 -.6435 .8761
.6191 .8588 -.2305 .8727
.6345 .8742 .0969 .8685.6534 .8931 .4560 .8662
.6671 .9068 .6990 .8656
.6954 .9351 1.0969 .8704
.7240 .9637 1.4150 .8802
( P ig . 8 )
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The mean value of E was determined by p lo ttin g  3x>g 
» 4—lfo(CH )vY Mo(CN)o against electrode p o ten tia l (F ig , 9)o o
and noting th at value ^ e re  oxidised state is  equal to 
the reduced state  i* e , \rfiere molybdocyanide and m olyhdicyai^e 
are present in  equim olecular ra tio s* The values of the 
normal p o ten tia l obtained as described above fo r d iffe ren t 




Normal p o ten tia l 
E °(V o lt )
Cone, of 
N
Normal po ten tia l 
E® (V o lt)
0*5 0.814 5.0 0.852
1.0 0.016 6.0 0.857. *
2.0 0.828 7.0 0.854
3.0 0.834 8.0 0.866
4.0 0.842 9.0 0.872
( F ig . 10 )
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(a ) Estim ation of pp tagslm  molybdocyanlde by oxidants 
other than potassium permanganate
The use of various oxid ising titra n ts  fo r estim ating 
the molybdocyanlde ions lead to the fo llow ing concluslonsi 
1• T itran ts between potassium dichromate and potassium 
molybdocyanlde, although give sharp in flex io n  po ints, give 
lower values fo r the molybdocyanlde concentration even In  
h igh ly ac id ic  so lu tion  (to ta l concentration In  the so lu tion  is  
4N). The re su lts  are given in  Tables 9 to 16 and depleted 
in  F ig s* 3 and 4* The change in  p o ten tia l a t the equivalence 
point being 0,14 vo lt*
2 , W ith M n (lil) as the t itr a n t  not only sharp in flex ion  
points are rea lised  but the concentration of molybdocyanlde ions 
comes out to be exactly the same as determined against 
potassium permanganate (Tables 1 to 8 and Figs* 1 and 2 )*
The change in  p o ten tia l a t the equivalence point being 0*41 v o lt.
T itra tio n s using Ce^ *^ ’^ '^ as the t itr a n t, did not give 
sharp In flex ions in  the neu tral medium* However in  ac id ic  
so lutions (to ta l concentration in  so lu tion  AN) a sharp increase 
in  p o ten tia l (0*32 v o lt) is  obtained a t the equivalence point* 
The concentration of the molybdocyanlde being a l i t t le  higher 
than the actual value {>ut the erro r is  not more than 1^
(Table 1? to 22 P ig s . 5 and 6 )*
Prom the above re su lts  two in te re s tliig  ;polnts a rise , 
v iz ., (1 ) the In a p p lic a b in ty  o f potassium dichromate in  the
-  197 -
potentlom etrlc estim ation of molybdocyanide and ( i i )  the 
dependence of the eerie  sulphate molybdocyanide reaction  on the 
H concentration. The fa c t that potassixm dichromate (w ith  
it s  high oxidation p o ten tia l (-1•33V) and fu lf illin g  conditions 
fo r complete oxidation o f molybdo- to molybdicyanide in  the 
ordinary a n a ly tic a l sense) f a ils  to give re su lts  accurately, 
leads one to b e lieve that the mechanism of "Uiis reaction  
(in vo lv in g  two oxidation- reduction systems) is  not c le a r, 
and i t  is  not enough to represent the reaction  in  the form 
6 Moyg" 2Cr^^ t  7 HgO ^  6 MoCyg’  + CrgO?"’'-^ 14h^. As ,
regards the use o f a c id ic  solutions in  titra tio n s  w ith eerie
sulphate, the behaviour seems anomalous since in  the acid ic
4- 3-so lu tion  the value of the MoCyg MoCy^  -t e increases
(v id e  in fra ) w ith the re su lt that the d ifference between the
oxidation po ten tia ls o f the two systems (Ce^^ Ce^^ e ■
4- V 3-- I .6IV 5 MoCy MoCy. t  e -0,726 vo lt (n eu tra l)o 8
-G.839 vo lt (a c id ic ) becomes less and the a n a ly tic a l e ffic ien cy  
of the oxidant should decrease. However, the very fa c t that 
the values of K fo r the t  MoCy^*’ Mh^ '^  -t MoCyg”
(Mn  ^ ^  Mn^  ' e = 1.51) and Ce^ .^MoCyg - ^
MoCy^  are quite high 2.359 x 10^  ^ and 1.169 x 10^  ^ go to
•t
prove the v a lid ity  o f using manganic sulphate and eerie
sulphate solutions fo r estim ating molybdocyanide ions (oxidation
is  complete w ith in  0. 1^  dr even le s s , i f  the equilibrium
6 9constant is  la rg er than 10 or 10 is  ex tr^ e  case ).
Reverse titra tio n s  (potassium molybdocyanide as the
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titp a n t) give excellen t re su lts  in  the case of M n (iii) onjy 
(Table 5 to 8, F ig  2) and not w ith  e ith er eerie  sulphate or 
potassium dichromate, the errors being nearly and 5  ^
resp ective ly*
W  o f the Mogyg " MoCyg- t  e couple by po ten tia l
mediator method and the influence, of Increasing 
concentration on it s  value:
The IEP values fo r the MoC^^  MoCy^" + e coupleo o
obtained by the potentiom etrie t itra t io n , employing eerie 
sulphate as the p o ten tia l m ediator, give values as 0.8140,
0.816, 0.828, 0.8345 , 0.8420, 0.8520, 0.8570, 0.8545 , 0.8660 
and 0.872 vo lt in  the molybdocyanide so lution  contaiciing 0.5N, 
t.ON, 2.0N, 3.0N, 4.0N, 5.CU, 6.0N, 7«0N, 8.QW and 9.QH 
sulphuric ac id . (V ide Table 27 and F ig . 8 ). On p lo tting  the 
values o f against the concentration of sulphuric acid  in  
norm ality, a stra ig h t lin e  is  obtained (P ig . 10 ). These 
re su lts  ind icate  that hydrogen ions exert a much greater influence 
on the standard p o ten tia l o f the couple than what has been 
observed by K o lth o ff (lo c . c it . )  by using the conventional 
method of measuring the p o ten tia l of potassiijm molybdo- 
molybdicyanide m ixtures. Ptirthermore the values are also 
higher than the values (0.839V) reported by 0. Collenberg 
(Z . Physik . Chem. 102, 353-74, 1924). In c id e n ta lly  the 
p o ten tia l mediator method goes to show that the molybdo- 
molybdicyanide equilibrium  takes place w ith  one electron 
tran sfe r since on p lo ttin g  lo g . ox/red against electrode
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p o ten tia l a t ’various concentrations C .Fig ; 9 ) g ives a slope 
o f 0*0^1 fo r the various stra ig h t lin e s  obtained. T itrations 
carried  out w ith M n (iii) as the p o ten tia l mediator did not 
g ive sa tis fa c to ry  re su lts  In sp lte  o f the fa c t that H n (iii) 
works as a very sa tis fa c to ry  oxid ising t ltra n t fo r the 
estim ation of the concentration of potassium molybdocyanide 
so lution*
(c ) o f the MoCy^  MoCy^ - 4 e couple in  the neutral
solutions and in  presence o f neu tral sa lts  
employing K o lth o ff» s method
Experiments performed w ith equimolecular mixtures 
(0*02411 to 0,00005m) o f potassium molyhdo- and molyhdlcyanide 
of d iffe re n t io n ic concentrations (0,384 to 0.00065) using 
saturated calomel as the in d icato r electrode do not give 
re su lts  exactly s im ila r to those described by K o ltho ff (lo c , 
c i t , ) .  He, employing the hydrogen and the quinhydrone 
electrodes, observed that a po ten tia l o f E® against uould 
be extrapblated to zero io n ic  concentration thereby providing 
an accurate method of determining B °*  He fu rth er found that 
on comparing the experimental values w ith  those calculated, on 
the basis of the lim itin g  Debye-Huckel expression ( E » E® •¥ 
0.060 log f3/f4 = E® 0,06 x 3,5 since log f  • 0 , 5 2 ^ )  
a discrepancy is  observed, the experimental values being 
lower than the calcu lated  ones fo r a l l  concentrations o f the 
m ixtures. In  the present case, however, the curve between
-  200 -
/
E ° and XXL does not in te rsect the ordinate a t a l l  (Table 23)
F ig * carve 1 ). But i t  is  rather in teresting  to fin d  that
on extrapolating the stra ig h t lin e  portion of the curve
(higher io n ic  concentrations where there is  l i t t le  p o ss ib ility
of the lim itin g  Debye - Huckel expression to hold good) to.
zero io n ic strength a value of 0,72567 is  obtained fo r E®
which is  not fa r from the value obtained by K o ltho ff (E® •0*72607j
On p lo ttin g  the calcu lated  E ° values against JT aL a stra igh t
lin e  is  obtained which lie s  above the curve drawn from the
experimental values (F ig , 7» curve A ), Here again a behaviour.
s im ila r to that observed by K o ltho ff is  seen,
E ° values were a lso  determined by carrying out measurements
w ith mixtures containing unequal molecular ra tio s  of the two
(K^MoCyg : K^HoCyg as 10 : 1 and 1 : 10 ). The p lots of E °
against gave s im ila r types of curves (Tables 24 and 25|
F ig , 7> curves 2 and 3) as fa r equim ilecular mixtures but the
E® value was lower here (0,7120V), The probable cause fo r
th is  large discrepancy may be in  the unequal ra tio  of the
potassium ions in  these m ixtures.
The neu tral sa lts  were found to increase the oxidation
p o ten tia l o f the d ilu te  so lu tion  of molybdo- molybdicyanide
mixtures (conc, 0.0024M5 ra tio  1 : 1 ;  vide Table 26 )•
The potassium ions exerting a greater influence than the sodium
ions. Moreover, on comparing the E,M .P, values fo r HaCl and
Na2S0^ and KCl and i t  can be seen that the anion also
influences the p o ten tia l, the values being higher in  the presence 
o f SO^" than in  the C l, The behaviour, however, is  not
observed w ith hydrochloric and sulphuric acid s.
s ..P. MM A.R., X
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L JlU L  A. R.1
Potassium molybdocyanide, used in  these investigations, 
was prepared by Rosenheim* s method (Z . anorg* Chem., ^2., 148 
1906) modified by P iese r ( J .  Amer. Chem, Soc., 5204, 1930), 
The golden yellow  c rysta ls  thus obtained were h i^ ly  soluble 
in  w ater, the resu ltin g  so lu tion  being extremely sensitive  
to d ire c t sun ligh t. Potassium molybdicyanide was obtained by 
Ko lthoff»s method ( J .  phys. Chem., 40 , 247i 1936) by oxidising 
potassium molybdocyanide so lu tion  w ith a c id ifie d  potassium 
per manganate and decomposing the s ilv e r molybdicyanide by a 
l i t t l e  less than the th eo re tica l amount of potassium ch loride. 
The resu lting  yellow  so lu tion  was also found highly sensitive  
to  lig h t.
Both soluble and insolub le metal complexes of molybdo- 
and m olybdicyanic acids w ere,studied. The metals ions used 
in  the reactions were C r ( I I I ) , P e ( I I ) ,  F e ( I I I )  and C u (I),
C u (II) , N i(IX ) and C o C lI). E lectrom etric methods v iz ., 
conductometric, potentiam etrie and aoq>erometric titra tio n s , 
and spectrophotometrie methods (fo r  soluble complexes) were 
employed fo r studying the im ture and ccanposition of the 
complexes. The re su lts  of the in vestigations were as fo llow s:
1• Chromic Chloride ~ potassium molybdocyanide reaction
On mixing chromic ch loride and potassium molybdocyanide 
a soluble complex, red in  co lour, was obtained. The reaction  
was found to be slow, the ve lo c ity  o f the reaction  being 
dependent upon the concentration o f the reactan ts. The
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reaction  was quite slow a t the room temperature in  d ilu te
solutions and no appreciable development o f colour was observed
-2fo r concentrations less than 10 M even on keeping the reaction
-2mixture fo r 24 hours. For concentrations higher than 10 M
the development of colour was observable a fte r eight to tea
hours. On carrying out the reaction  w ith  concentrated solutions
of the reactants (10 and beyond) a perceptib le change in
colour from yellow  to red was observed w ith in  an hour. The
reaction  became fa s te r a t high temperatures and, hence, the
experiments fo r determining the composition of the complex
formed by the in te ractio n  of chromic ch loride and potassium
molybdocyanide were carried  out on keeping the mixtures for
onearly three hours a t 50 C.
Potassium molybdocyanide so lu tion  gives an absorption 
maxima a t 370 mu and chromic ch lo ride, green va rie ty  exhibits 
two maxima, one a t 430 mu and the other a t 62.0 mu, while for 
chromic ch lo ride, v io le t v a rie ty , the maxima are sh ifted to 
415 mu and 590 mu resp ective ly .
In  order to determine the composition of the chromic 
molybdocyanide ccanplex by Job ’ s method of continued varia tio r 
and the slope ra tio  method, i t  was found necessary to know 
whether one complex or more than one complexes ex ist in  solu 
The Vosburgh and Cooper’ s method ( J .  Amer. Chem. Soc., 6^,
437j 1941) showed the existence of one complex, an absorptic 
maxima at 360 mu was rea lised  for mixtures of chromic chlor; 
and potassium molybdocyanide of varying proportions (Table 
p. 22, F ig . 7 ). On applying Job ’ s method a t wavelengths
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355', 360, 365, 370, 375 and 380 peaks were obtained at the 
molar ra tio  1 : 1 ,  thereby showing the existence of the complex
KCr^^^Mo^^(CN)* according to the sto ich iom etric equationo
CrCl^ - K^Mo(CN)g s KCr Mo(CN)g - 3KC1 (tab les 9 - 26,
pp. 26 - 34, F ig s . 9 - 11)* The resu lts found fu rtiie r
confirm ation by the slope ra tio  method (tab le s 27 - 32,
pp. 36 - 39, F ig s . 12 - 1 7 ). The form ation constant of the
complex as determined by the method followed by Mukherji and
Dey (P ro c . N at. Acad. S c i. In d ia , 26, 20, 1957) was found to
4be 4.21 X 10 (tab le  33, p. 43, F ig . 18)*
Pre lim inary experiments on the k in e tics  of the reaction 
have shown that the reaction  is  dependent upon the concentration 
o f chromic and the molybdocyanide ions. I t  was found that 
w ith  mixtures containing excess of molybdocyanide had greater 
o p tica l density than those containing excess of chromic 
ch lo rid e . Furthermore the range of va ria tio n  in  o p tica l 
density fo r so lutions containing fixed  amount of potassium 
molybdocyanide and varying amounts o f chromic chloride was 
sm aller than fo r mixtures prepared in  the reverse way 
(tab le s 34-35, pp. 44-45, Figs* 19-20). Addition of a neutral 
s a lt lik e  potassium chloride resulted in  a marked decrease 
in  the o p tica l density of chromic chloride- molybdocyanide 
mixtures (probably due to the suppression in  the ion isation  
of chromic ch lo rid e ). These experiments suggested that 
chromic ions bring about c a ta ly tic  decomposition of potassium 
molybdocyanide according to the fo llow ing reaction  mechanism 
(p . 53).
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   HpO — .
(1 ) Cr f  MoCyg (MoC3r^ .H20) -v Cr(CN)
— TIT TV -( i i )  (MoGyg.H20) t  C r' — >• Cr (Mo Gyg-H^O) •
XU — HnO —«
( i i i )  Cr(CN)^ 2 MoCyg 2(Mo(Cy^,H20)  ^ CrCCN)^
(tv ) Cr(CN)3 \ 25^0 Cr(C3l)^^ -N 2HCH V 20H
2 . F e rric  Chloride - potassium molybdocyanide and ferrous 
sulphate - potassium molybdicyanide reactions«
F e rric  chloride so lution  when added to a solution of 
potassium molybdocyanide produced instantaneous blue colour*
The same colour development was found to occur when ferrous 
sulphate was mixed w ith a so lu tion  of potassium molybdi cyanide# 
The composition of the fe r r ic  molybdocyanide complex was 
deterplned by the Job»s method of continued va ria tio n  
(tab les 3 - 6, pp. 62 - 63, P ig s . 3-6) and slope ra tio  method 
(tab le s 7 - 12, pp. 64 - 66, P ig s . 7 - 12 ) carrying out 
absorption studies a t 725, 750, 775, 800 and 840 mu« The 
formula o f the complex was found to be KPe^^^Mo^^(CN)g in  
accordance w ith the sto ich iom etric equation.
PeCl^ K4Mo(CN)g = KPe Mo(CN)g 3 KC l.
The formation constant of the fe r r ic  molybdocyanide complex
4was found to be 1.37 x 10 and the free  energy of formation 
of the complex was calcu lated  to be -5*57K C als. a t 20°C.
The composition of the reaction  product obtained by 
the in te ractio n  o f ferrous sulphate and potassium molybdicyanidc 
could not be studied spectrophotom etrically since potassium
underwent rap id  decomposition by the lig h t frcan the tungsten 
lamp of the D.U, spectrophotometer. I t  was however, in teresting  
to find  that the potentiom etric method could be applied in  
studying th is  soluble complex by employing the molybdo- 
molybdicyanide in d icato r electrode (obtained by dipping a 
bright platinum electrode in  a so lu tion  of potassium 
molybdicyanide containing a very sm all amount of potassium 
molybdocyanide)• The re su lts  o f potentiom etric titra tio n s  
ind icated the formation of the complex having the composition 
KPe^^Mo^CCN). (tab les 13 - 16, pp. 68 - 69, F ig . 13 ),o
Unlike Iron  Blues (Davidson, J ,  Chem. Bduc. 1^, 238|
1937) the influence of redox po ten tia l during the in teraction  
of fe r r ic  ch loride w ith potassium molybdocyanide or ferrous 
sulphate w ith  potassium molybdicyanide could not be evisaged 
here. The value o f the equilibrium  constant fo r the reaction 
(as calcu lated  from the oxidation p o ten tia l data
- e, -0.76V; Mo(CN)g“  Mo(CN)g- \ e . -0.82V) is
too sm all ( 0 .096) to in d icate  the p o s s ib ility  fo r the 
existence o f an oxidation - reduction equilibrium  (reduction 
of ferrous and oxidation of molybdocyanide to molybdicyanide 
ions)*
3 • InteraG tion  of n ick e l and cob alt ch loride with potassium  
molybdocyanide.
In  both cases p recip ita tes having green and brown 
colours resp ective ly  were obtained. These p recip itates 
showed great tendency to pass into the co llo id a l state so
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much so that they got dispersed on washing w ith water. The 
composition of the n ick e l molybdocyanide ax^ the cobalt 
molybdocyanide was determined lay the conduc tome t r ie , 
potentiom etrie and amperometric titra tio n s  (tab les 9 - 24,
34 -  45, 54 - 725 pp. 92 - 107, 120 -  131, 143 - 153,
P ig s , 9 -  24, 29 -  40, 45 -  52) and was found to be NigMoCCN)^  
and COg Mo(CN)g resp ective ly  in  accordance w ith  the equations
2NiCl2 t  Mo(CN)g s Nig Mo(CN)g i  4 KCl
2C0CI2 y Mo(CN)g = CO2 Mo(CN)g 4 KCl
Further a ra tio  of 1 : 1 fo r the re a c tin ts  was also  observed 
only in  the case of conduc tome t r ie  titra tio n s  \rtien the metal 
s a lt was used as the t it r a n t . For th is  ra tio  the complexes 
formed would have the ccm position Kg Ni Mo(CN)g and K2CoMo(CN)g. 
The reactions can be represented as
NiClg i  K4 Mo(CN)g » Kg N i Mb(CN)gt2 KCl
CoClg ^ Ki^  Mb(CN)g * Kg Co Mo(CN)g t  2 KC l.
4 . Molybdocyanogen complexes of copper (copper sulphate - 
potassium molybdocyanide and cuprous chloride, potassium 
molvbdicyanide reactio n s.
A v io le t p rec ip ita te  was obtained on mixing copper 
sulphate w ith  potassium molybdocyanide. The composition 
o f th is  fre sh ly  p recip itated  complex was determined by 
conductometric, potentiom etric and amperometric methods.
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In each case a ccaabining ra tio  of 2 » 1 for the reactants was
found (tab les 1-8, 25-27, 47-52, pp. 83-91, 115-116, 138-141
F ig s , 1-8, 25-26, 42-43) ind icating  the form ation of the
compotmd CJU2 Mo(CN)g*
The conductometric and amperometric methods could not
be successfu lly  employed in  studying the interaction of
copper (I) and potassium molybdicyanide due to high conductance
of cuprous chloride solution (in  KCl) and the contamination
of the mercury drops o f the dropping mercury electrode.
However, potentiometrie t itra tio n s  with the help of
Cu^  ^ t  e indicator electrode (bright platinum dipped in a
so lution  o f cuprous ch loride containing a l i t t le  cupric
f  ’ chloride) could be successfu lly  carried out giving sharp
in flex io n  points (tab les 28-33, pp. 117-119, F ig s . 27-28).
3-The combining ra tio  Cu : Mo(CN) were found to be 1 : 2 and
8
1 : 1 respectively . Since two inflexion points are realised  
in  these titra tio n s (1s2 and 1:1 for d irect and 1:1 and 1:2 
for the reverse), i t  appears that in the f i r s t  step cuprous 
chloride undergoes oxidation with potassium molybdicyanide and 
then interaction between the cupric ions and potassium 
molybdocyanide (formed by the reduction of the molybdicyanide) 
takes p lace. The reaction can be represented as follows:
CUgClg  ^ 2K3Mo(%)g t  2 KCl s  2 CuClg t 2 K^Mo(CN)g
2 CUCI2   ^ 2 K^Mo(CN)g S 2Kg Cu Mo(CIf)g f  2 KCl
The fac t that the above mentioned changes were possible during 
the interaction in th is reaction could be judged from the
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high equilibrium  constant value o f 1.5 x 10 (ca lcu lated  
from the oxidation p o ten tia l data fo r the reaction  Cu^- f
Mo(C3N)o"„^=s Cu^ "^  Mo(CN)«”  5 taking the redox potentials
Lo f Mo(CN)g’  ,j=a. Mo(CN)g“  e as -0.82V and that of 
Cu^ \;^ =S. Cu^ *^  4 e as -0*177). From the above i t  was concluded 
that the p rec ip ita te  obtained by the in te ractio n  of cuprous 
ch loride and potassium molybdicyanide had the composition 
KgCu^^o^^CCN)^.
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5. Potentiom etric estim ation of potassium molybdocyanide 
by oxid ising titra n ts  other than potassium permanganate.
Estim ations were carried  out using oxid ising agents 
lik e  potassium dichromate, manganic sulphate and eerie 
sulphate. Lower values o f the potassium molybdocyanide 
concentrations were obtained when potassium dichromate was 
used as the oxid ising t it r a n t . Ceric sulphate when used as 
the oxid ising t itra n t gave good re su lts . Reverse titra tio n s  
in  th is  case gave high values fo r the molybdocyanide 
concentration. Manganic sulphate was found to give resu lts 
w ith  in  the range of 0 . 1^  both in  the d ire c t and reverse 
titra tio n s .
6 . Determ ination o f fo r "ttie molvbdo - molvbdicvanide 
couple in  the ac id ic  medium using ce ric  sulphate as the 
p o ten tia l m ediator.
The re su lts  had ind icated that the E ° value of the 
couple increased w ith increasing concentration of hydrogen
- 209 -
ions pp.A p lo t between the concentration of the hjrdrogen ions 
and E° values gave a stra ig h t lin e  thereby showing the large  
in fluence of the hydrogen ions on the oxidation poten tia l of 
the system. The values found were 0,814, 0.816, 0.828,
0.8345, 0.842, 0.852, 0.857, 0.8545, 0.866 and 0.872 v o lt  
in  0*5, 1 »0, 2 .0 , 3 .0 , 4.0, 5*0, 6.0, 7*^$ 8.0 and 9*0N 
su lphuric a c id .
Experiments performed with neutra l so lu tion s, employing 
K olthoff*s method ( lo c . e it . )  d id  not give exactly s im ila r  
re su lts  when measurements were carried  out against saturated 
calomel e lectrod e. Witii equimolecular mixtures o f potassium 
'molybdo- and molybdicyanide, the curve between E° and 
could not be extrapolated to zero io n ic  strength. However, 
on extrapolating the stra ig h t lin e  portion o f the curve, a 
value 0.725V was obtained which is  jtist the same as the 
K olthoff*s value (0 .726V). The influence of neutral sa lts  
on the oxidation  p o te n tia l was found to be sim ilar*  The 
n eu tra l s a lts  were found to increase the oxidation potentia l 
o f the d ilu te  molybdo- molybdicyanide system. Potassium ions 
exerting a greater in fluence than the sodium io n s. The 
anions also  in fluence the oxidation  p o te n tia l, the values 
being higher fo r  the SOj^  than fo r  the- C l" io n s.
S O N D E R D R U C K  A U S
DIE
NATURWISSENSCHAFTEN
SP R IN G E R - V E R L A G -  B E R L IN  • G O T T IN G E N  • H E ID E L B E R G
1959 H E F T  20, S. 579 46. JA H R G A N G
Chromium (III) Complexes of Tetra Potassium 
Molybdenum-octacyanide
A  num ber of metal complexes of tetra  potassium m olyb­
denum octacyanide are known. It s  complex form ation w ith  
chrom ium  ( I I I )  has, however, escaped the attention  of w or­
kers in  th is field. Un like  other m etal complexes, the product 
of the reaction is neither a  precipitate nor colloidal in  nature. 
On the other hand on m ixing fa ir ly  concentrated solutions of 
the tw o reactants a slight change in  colour takes place which 
slow ly develops into  a red one keeping for some tim e. In  
' order to  study th is  reaction, tetra-potassium m olybdenum  
octacyanide was prepared as described by  F i e s e r ')  and the 
strength of its solution determ ined potentiom etrically^) 
against potassium permanganate. Chrom ic chloride solution 
was obtained b y  dissolving green A . R .  crystals in  doubly dis­
tilled  w ater and strength determ ined iodom etrically^). The 
reactants each of concentration 0-02 M  were mixed in  the 
ratio, chrom ic chloride to  m olybdocyanide as 2; 18, 4:16, ... 
16:4 and 18:2 (the reaction vessels were wrapped w ith  black 
paper and m ixing was carried out in  a dark room to avoid  
the decomposition of m olybdocyanide b y  light). A fte r about 
tw o hours appreciable change in  colour was observable and 
th is developed into an intense colour after about ten hours.
Complex ion form ation was studied photom etrically b y  
Jo b ’s method, using H ilger Spekker absorptiometer. B lu e  
'filter N o. 1 and 0 -25  cm cell were used throughout the measure­
ments. The absorption of ligh t was measured a t different 
in terva ls of tim e for the mixtures, extending the measurements 
for a  period of 48 hours. The results are given in  F ig . 1.
A  few absorption studies, using D U  Spectrophotometer 
were also carried out to get evidence for complexion formation. 
A  tungsten lam p as the source of ligh t and 1 cm Corex cell 
were used throughout the measurements. O ptical densities 
of the various m ixtures after keeping them  for 48 hours were 
determ ined a t 470 m(x (wavelength for m ax im um  absorption 
of the m ixture). The values of the optical de ys jta in  this case, 
were not the same as found w ith  H ilger absorptiometer. The 
results w ith  the instrum ent are given in  the tab le 1.
In  spite of the fact that s im ilar values could not be obtained 
w ith  the two instrum ents definite evidence for the presence 




2 4 6 8 10 12 14 18
K .M o(CN ),“ ) 18 16 1 + 12 10 8 6 ; 4 2
O. D. I 796 959 1097 1155 1188' 1000 745 530 310
O. D. I I 13 29 46 ! 63 66 78 86 102 1 111
O .D . I l l 552 495 432 1 1958 1500 1849 190 122 1 73
a) Vol. of CrCI, resp. K jM o(CN )3 (0.02 M) in cm^ —  O. D. = 
Optical density X 10^  of I  mixt., I I  CrCl,, I I I  KiMo(CN)8.
and tetra  potassium molybdenum octacyanide in  the ratio  
1 :1 could be found on p lotting the above mentioned values 
of optical densities against volum e of chrom ic chloride.
D iscussion. F rom  the curves in  F ig . 1 a and 1 b it  could 
be seen th a t there is a t least one common ratio  (10:10) for 
CrClg to  K 4Mo{CN)g where m axim um  absorption a t different 
tim e in terva ls exists. Th is clearly  shows the form ation of the 
stoichiometic compound KC rM o(C N )g , according to the 
equation CrClg +  K^M o{CN )g=  K C r  M o(CN )s +  3KC1. P re li­
m inary  w ork on spectrophotometric studies also po int to ­
wards the form ation of such a compound. Besides this, the
- 2 -
Fig. 1. O. D. of mixture minus sum of O. D. of the components 
against volume of CrCla. 1 after 1 hour, 2 after 2, J  3, i  S, 5 
e 24, 7 36, S S ifteT  48 hrs.
nature of the absorption curves changes up to a period of 
eight hours, m axim a existing for the ratio  4:16 (Curves 2, 
3, and 4) and also for 14:6 (Curve 3 ); readings tak e %  after 
eleven hours, however, uniform ly g ive the same maximum.
The above mentioned results throw  light on the complex 
nature of the reaction. F irs tly , it  cannot be pu re ly  a stoichio­
m etric reaction since combining ratios like 4:16 and 14:6 are 
also observed besides the norm al ratio  of 10:10. Secondly, 
the developm ent of deep red colour cannot be solely due to 
complex ion form ation but m ay be due to some changes taking 
place in the m olybdocyanide in  presence of chrom ic ions. In  
our v iew  the reaction between chromic-chloride and tetra- 
potassium  m olybdenum octacyanide a t ord inary temperature 
m ay be a combined reaction where form ation of K C r  Mo(ClSf)g 
as well as the decomposition (probably hydro lytic ) are taking 
place.
Fu rth e r w ork is in progress.
Aligarh M uslim  University, Department of Chemistry, 
Aligarh
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a^BOPHOTOHEIBlC STODIBS OS THB IHIBBjCTIOM OP CHROMIO 
ABP PO tiSSIPH  0CTA%AHCT10I.IBPAIB
M etals ions u su a lly  react w ith  potassim  octacyaaomo- 
lybdate (IV ) to give inso lub le complexes, but in  a few cases 
soluble complexes are also  formed, such as w ith  F e (IIX ). Our 
investigations are concerned w ith the formation of the la tte r  
complex in  so lu tio n . Prelim inary experiments^ showed that 
the reactio n  between chromic ch loride and potassium molybdo- 
cyanide is  a slow one*
EXPERIMgH_TAL
A so lu tion  of potassium octacyanomolybdate (IV ) was 
prepared by the method recommended by Pieser^ and the strength 
determined by potentiom etrie titra tio n s  w ith potassium 
permanganate so lu tions. The molybdenum complex was stored 
in  an amber coloured b o ttle  wrapped w ith  black paper* Analar 
chromic ch loride was dissolved in  water tw ice d is t ille d  and 
the strength was determined iod om etrica lly . M ixtures of 
so lutions o f chromic ch loride and potassium molybdocyanide 
were placed in  a 50°C (therm ostat) water-bath fo r 2^ hours 
to ensure caaplete reaction ; th e ir o p tica l densities in  1cm 
Corex c e lls  werie measured w ith  a DU spectrophotometer w ith 
photom ultip lier attachm ent. The maximum absorption fo r a l l  
the mixtures was found a t 365mu ind icating  the formation of
3only one complex *
- 2 -
The composition of th is  complex Ion was determined by
Job* s method^* ^  of continuous va ria tio n  and the slope ra tio
method,^ For the method of continuous va ria tio n  three sets
of mixtures were prepared as above w ith  reactants a t concentra’-
tions of 2 X 1 x 10 and 5 x 10"^ and o p tica l density
a t 365mu was measured, a fte r d ilu tio n  to a concentration of 
—310 M. The absorption of chromic chloride and potassltm
-3
molybdocyanide a t 10 M was also determined a t 365mu, the 
former being neg lig ib le* The d ifference between the O.O. of the 
mixtures and that of potassium molybdocyanide was plotted 
against the ra tio  (Cr^^)/(Cr^"^) ^ (Mo(CN)g O5 (P ig , 1 ). For 
the slope ra tio  method the concentration of potassium molybdo­
cyanide was kept constant and the concentration of chromic 
ch loride varied , the ra tio  of the slopes over the stra igh t lin e  
portion of the curves determined.
P J ,.g. c n.g..O . 0.N
The combining ra tio  as ind icated Job* s method and 
the slope ra tio  method is  1 t 1j the composition of the complex
can therefore be given as KCr^^^Mo^^CCN)..o
I f  two concentrations (a-j t  b-j) and iag, t  ^2) of the 
reactants have the same 0*D, (th a t is  the same value of x, 
the concentration o f the complex), then the equilibrium  const.^
X X





Fop tw© mlxtiJPes liaving the same o p tica l density (0 .4 0 ), 
.the value o f x was found to be 2 *67 x 10"^M. the equilibrium  
constant was estimated to be 4*21 x 10  ^ (P ig * 2 ),
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Summary - Iron^^^ forms a soluble complex w ith  potassium
molybdocyanide. An instantaneous blue colour is  produced
when iron^^^ ch loride is  added to  a so lution of potassium
molybdocyanide • The composition o f the complex was determined
by the method of continuous va ria tio n  and by the slope ra tio
method, which ind icated the existence o f the complex KFe^^^
IVMo (CN)o* The form ation constant o f the complex was found
4out to be 1,37 X 10 and the free energy of form ation works
out to be -5.57K ca ls a t 20°C. Iron^^ sulphate also gives a
blue complex w ith  potassium m olybdicyanide. It s  composition
has been studied po ten tiom etrically using the Mto(CN)g“ =^:±
Mo(CN)q~ a e couple a t a b right platinum electrode; i t  was
I I  Vfound to be K Fe Mo (CN) •
8
Soluble complexes of heavy metal molybdocyanldes are
not reported in  the lite ra tu re . We, fo r the f ir s t  tim e,
obtained a Cr^^^ complex of liiis  type by the in teractio n  of 
I I Ichromium chloride and potassium molybdocyanide, and 
assigned the formula KCr^^^Mo^^(CN)g to the red compound^  
thus obtained. Other soluble complexes o f th is series were 
obtained by the in te ractio n  o f Fe^^^ w ith potassium molybdo- 
C3ranide and Fe^^ w ith  potassium molybdicyanide* This 
communication deals w ith  the composition o f these comp!|.exes
- 2 -
as indicated by physico-chemical methods of earauaination •
Pre lim inary experiments on liie  in te ractio n  of iron^^^ 
ch loride and iron^^ sulphate w ith  potassium molybdocyanide and 
potassitam molybdicyanide resp ective ly  gave evidence of sim ilar 
type o f colour changes. Thus i t  was observed that w ith excess 
o f iron^^^ or iron^^ ions, a blue so lution  was obtained, 
but w ith excess o f molybdo- or molybdicyanide a greenish 
blue so lu tion  is  obtained. Since tiie reaction  appeared to 
be analogous to that observed in  the form ation of iron  blues, 
i t  was thought worthwhile to elucidate the nature and 
composition of the complex or complexes formed, using various 
physico-chemical methods.
The composition of the ccanplex formed by the in teraction  
o f iron^^^ ch loride and potassium molybdocyanide could not be 
studied s a tis fa c to rily  by conductometric, potentiom etric or 
amperometric t itra tio n  methods. In te re stin g ly  enough th is  
complex was found to be reducib le a t the dropping mercury 
electrode, giving a typ ica l polarographic wave, but the 
polarographic method  ^ could not be su ccessfu lly  employed 
e ith er in  view of the fa c t that the complex became unstable 
on coming in  contact w ith the mercury drops (a  s lig h t tu rb id ity , 
followed by p rec ip ita tio n  in  the polarographic c e ll, was 
observed). The spectrophotometrie method was, however, found 
usefu l in  determining the composition and s ta b ility  of the 
complex. This method was also trie d  fo r investigating  the 
complex formed by the in te ractio n  of iron^^ sulphate and
- 3 -
potassium molybdicyanide, but re lia b le  infoiraation couM not 
be obtained since K^Mo(CN)g was appreciably decomposed by the 
lig h t from the tungsten lamp of the spectrophotometer. Several 
electrom etric methods were then tried  and i t  was found that 
very sa tis facto ry  re su lts  could be rea lised  by a potentiom etric 




Iron^^^ ch loride (AnalaR) and iron^^ sulphate (re c rys ta l­
lis e d  three tim es) were dissolved in  doubly d is t ille d  water 
and the strengths o f the so lutions were determined by the 
usual methods. Potassium molybdocyanide was prepared by the 
method recommended by Pieser^  and the strength of the solution 
was determined by t itra tin g  poten tiom etrically against 
so lu tion . Ko lthoff*s method^ was used fo r obtaining potassium 
m olybdicyanide. The strength of the so lu tion  was also 
determined poten tiom etrically using potassium ferrocyanide* 
Apparatus
A Beckman DU spectrophotometer w ith  1-cm Corex c e lls  
and a tungsten lamp as the lig h t source was used fo r o p tica l 
density measurements.
PROGEDURBS
In  order to determine the number of ccmplexes formed
- 4 -
by the in te ractio n  o f iron^^^ chloride and potassium molybdo- 
cyanide, the method of Vosburgh and Cooper^ was followed.
The reactants were mixed in  d iffe ren t proportions and the 
o p tica l density was measured a t d iffe ren t wavelengths ranging 
from 360mu to lOOQmu. A ll the mixtures gave a maximum at 
840 mu showing thereby the form ation of only one complex 
(P ig . !)•
7
Jo b ’ s method of continuous va ria tio n  was followed
fo r determining the composition of fe r r ic  molybdocyanide.
Solutions o f fe rr ic  ch loride and potassium molybdocyanide of
-3 -3three d iffe re n t concentrations, v iz ., 4 x 10 M, 2 x 10" H 
and 1.25 x 10 were mixed according to the method of 
continuous va ria tio n , and O.D# was measured a t  840mu a fte r 
10 mln of m ixing. Iron^^^ chloride and potassium molybdo­
cyanide a t these concentrations had a n eg lig ib ly  small 
absorption a t 840mu. The o p tica l densities of the solutions
were p lotted against the ra tio  (Fe^'’^)/(Fe^'^ ^) i  (Mo(CN)^~).
8
The re su lts  are depicted in  P ig , 2.
The re su lts  were fu rth er confirmed by the slope ra tio  
8method. Two sets o f experiments were performed. In  the 
f ir s t  set the concentration of potassium molybdocyanide was 
kept constant and that o f iron^^^ ch loride was varied ; in
the other set the mixing was done in  the reverse order. The
re su lts  are given in  F ig . 3. The slope was determined over
the stra ig h t lin e  portion o f the curve.
Potm tlom etrlc titra tio n s  between iron^^ sulphate and 
potassium molybdocyanide were carried  out using a Tinsley
-  5 -
Vernier potentiom eter (type 33873); the ind icator electrode
I A
(Mo(CH)-~:?=^ Mo(CN)^ “  t  e couple) was obtained by dipping
8 o
a bright platinum electrode in  the so lution  of potassium 
molybdicyanide containing a l i t t l e  potassium molybdocyanide.
The titra tio n s  a t three d iffe re n t concentrations of molybdi­
cyanide so lu tion , v iz ., 0.03M, 0.025M and 0*0aM, were performed 
fo r determining the composition of ferrous molybdicyanide.
In  the c e ll f it te d  w ith  the ind icato r electrode and the 
saturated calomel electrode, 10ml of the molybdicyanide solution 
were taken and iron^^ sulphate (0.1M) was added from the 
bu rette. The curves are shown in  P ig . 4. Reverse titra tio n s  
w ith iron^^ sulphate in  the c e ll were not successfu l. The 
experiments were performed in  a dark room and the vessels 
were wrapped w ith  black paper to avoid the decomposition of 
potassium molybdicyanide by lig h t.
DISCUSSION
Q
Several authors, including Davidson,*^ have extensively  
investigated  the nature o f the reaction  between iron^^^ 
ch loride  and potassium ferrocyanide and the composition of 
the complex. When iron^^^ ions are added to an equimolecular 
quantity o f ferrocyanide io n s, a redox equilibrium  sets in  
w ith the re s u lt  that the iron^^^ ions are almost completely 
reduced to iron^^ ions by the ferrocyanide ion s, which, in  
turn, are simultaneously oxid ised to ferricyan id e  ion s. The 
p o s s ib il it y  o f such a redox composition of iro n  complexes of
- 6 -
potasslm  molybdo- and molybdicyanide equilibrium , ex isting 
in  the case iron^^^ chloride-potassium  molybdocyanide reaction 
appears to be remote, since the equilibrium  constant value,
CFe’’++)(Mo(CH)t' )
^298 = - ■. L-------- j . ...... “ 10*4,
(Fe^’^ XMoCCN)^  )
Fe^ -  e» Eq = -O.765
MoCCN)^ Mo((3N)g- + e, Eq r  - 0,82)
is  quite low when compared to the fe rr ic  chloride-potassium 
ferrocyanide reaction  K293 = 1*215 ac 10^)* Thus on
I
th eo re tica l grounds i t  could be in ferred  that the complexes 
formed the in te ractio n  of iron^^^ ch loride and potassium 
molybdocyanide, and between iron^^ sulphate and potassium 
molybdicyanide, could not be one and the same and unlike iron 
blues would have d iffe ren t compositions,
3k 4-The combining ra tio  of 1 : 1 fo r Fe  ^ to Mo(C3I) is
8
obtained both by the continuous va ria tio n  and slope ra tio  
methods (P ig s . 2 and 3) fo r the in te ractio n  of iron^^^ 
ch loride and potassium molybdocyanide. The composition of 
the complex would therefore, be represented by the formula 
KFe^^^Mo^^(CN)g, according to the equation,
FeCl^ t  K^MoCCaDg = KPeMo(CN)g f  3 KC l.
The form ation constant of the complex was determined by the
1 omethod followed by Mukherji and Dey fo r the reaction  
mA t  nB ^  AmBn, 
where m/n a 1 or m * 1 or m s n s i
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The form ation constant is
X
K =
(a  - x )(b  - x)
where x is  the concentration of the complex, and a and b 
are the in it ia l concentration of fe r r ic  chloride and potassiiam 
molybdocyanide re sp e ctive ly . Taking tvo concentrations a^  
and and b  ^ of the reactants giving the same o p tica l
density, (th a t is  the same value of x ) ,
X X
or X r
(a^ - x)(b^ - x) (a2 - xXbg - x) 
aib, -
I I I  I !■ II  .. ■    •
(a-i b^) - (82 t
Knowing the value of x from the above etjuation, K is
calcu lated  from d iffe re n t values of a and b. Taking two
3- 4“concentrations of Fe and Mo(CN)g a t the o p tica l density
0.20 (P ig . 2 ), and the value of x from the above equation
“ If. If,
as 2.19 X 10 M, the value o f K was found to be 1.37 x 10 .
The free  energy o f form ation of the complex was
calcu lated  w ith  the help o f the expression
= - RT In  k,
where A F ° is  the standard free energy change, R, the 
gas constant and T, the absolute temperature. The free 
energy of form ation of fe r r ic  molybdocyanid e complex works 
out to be -5*57 kcals^ a t 20° .
Potentiom etric titra tio n s  carried  out a t d iffe ren t 
concentrations of potassium molybdicyanide w ith ferrous
- 8 -
sulphate give the combining ra tio  o f Fe^ 1* to Mo(CN)g"' as 1 : 1
ind icating  the formation of the complex KPe^'^ ^CCIf)-,,o
according to the equation,
FeSO^ + K^Mo(CN)g r  KPe^^Mo^(CN)g f  K^SO^
This method, in  add ition to providing inform ation regarding
the composition of the iron^^ molybdicyanide complex, has
4-deaonstrated the u t il it y  of a new electrode (the Mo(C5N)g-^ =^
3- -MoCCN);!' t  e systCTi at b right platinum) fo r investigatingo
the reaction  between heavy metal ions and potassium molybdo- 
and m olybdicyanide. This electrode could be used successfu lly 
fo r studying the p rec ip ita tio n  reaction  between potassium 
molybdocyanide and Ni^^, Co^^, or Cu^^*
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M_ THE C0!g>0SITI05_AJtD_ PR0PgRmS_ 0F I^ S
The chemical l ite ra tu re  abounds in  references on the
properties and composition of metal complexes of a lk a l i  fe rro -
and fe rricya n id e  hut Y e ry  l i t t l e  attention  appears to have -
heen paid to the study of the metal complexes of a lk a li oota-
cyano molybdates* The only work worth mentioning i s  that of
W* Wardlav and coworkers who carried  out studies on the metal
complexes of s i lv e r ,  tha llium , copper e tc .  by the method of
chemical analysis* I t  i s  a w ell known fa ct that the physica l
methods have got ce rta in  advantages over the methods o f
chemical an a lys is  in  as fa r  as that they not only provide
precise  infoCTation o f the composition o f the fre sh ly  precipitated
complex but are able to elim inate the errors ’srtiich might creep
in  during the washing and drying of p re c ip ita te  possessing
adsorptive and h ydro lytic  properties* Attention  to th is  point
2
was drawn by Bhattacharya on the basis of the work carried  out 
by him and h is  students on metal fe rro -  and fe rr ic y a n id e s .
Since the metal complexes of a lk a l i  octacyano molybdates appear 
to belong to  the c lass  of metal ferrocyanogen complexes, i t  
was thought worthwhile to  employ physica l methods for the 
e lu cid ation  of th e ir  com position.
The present communication deals w ith our studies on the 
N i and Co complexes of potassium octacyanomolybdate employing
- 2 -
opQduetometrie, p@tentlom etrle and amperometrlc methods. Hbre- 
over these complexes have not so fa r  been studied and are lik e ly  
open a new f ie ld  fo r the physico-chemical studies on metal 
cyano complexes •
The method recommended by Fieser^ was followed for 
preparation of K^Mo(GN)g. A ll chem icals, M0G3 , KSCH, pyridine 
and KCH, used were A.R* samples. The c ry s ta llise d  product 
(golden yellow  in  col&ur) was dried over Calcium Chloride in  
a vacuum dessicato r. I t  was d issolved in  double d is t ille d  
water ( a l l  g lass) and strength determined by titra tin g  
poten tiom etrically against potassium permanganate o f known 
strength* Potassium octacyano molybdate (7 ) was prepared 
by the method recommended by Ko lthoff^  and standardised 
po ten tiom etrically against K^Fe(CN)^*
A.R* samples of n ick e l and cobalt ch lorides were used 
fo r preparing th e ir so lu tion  and the metal estimated gravim etri- 
c a lly  a fte r p rec ip ita tin g  as n ick e l dlmethylglyoxime and cobalt 
ammonium phosphate re sp ective ly .
Conductometric titra tio n s  were done w ith  the help of 
Cambridge conductivity bridge (No. L-350140) w ith  bridge type 
conductivity c e ll (No. L . 355234 and c e ll constant 0*36)• 
Potentiom etric titra tio n s  were performed w ith  T insley 
potentiM ieter (Type 338713) w ith  lamp and scale arrangement.
The in d icato r electrode was the K^Mo(CN)g K3Mo(CN)g -j e
eouple obtained by dipping b righ t platintm  electeode in  a 
so lu tion  o f potassiiam octacyano molybdate (IV ) containing a 
l i t t le  potassim  octacyano molybdate (V )*
■ I'. '
In  order to carry out amperometric studies, the constant 
p o ten tia l to be applied during the course of titra tio n s  was 
f ir s t  o f a l l  determined, taking in  the polarographic c e ll 1 cc 
of O JM  s a lt  so lu tion  in  0.1 M KCl as supporting e le c tro ly te , 
0,0003^ sodium methylred fo r N i( I I )  and 0*01 g e la tin  fo r 
C o (II) as maximum suppressor, the to ta l volume made upto 20 cc* 
The current was measured w ith  Fischer Elecdropode in  conjunction 
w ith M u ltiflex  galvanometer (type M(a? 2, s e n s itiv ity  1 t 10), 
in  the external c ir c u it , Polarograma were drawn and from the 
plateau the po ten tia ls to be applied fo r the amperometric 
titra tio n s  were found out. The po ten tia l applied dtiring the 
course of titra tio n s  fo r N i( I I )  and C !o (II), being *2V and 
-1 •4V resp ective ly* Electrodes used were the dropping mercury 
electrode and the S.C<iS* Pure nitrogen was passed in  order 
to m aintain the in e rt atmosphere. A ll measurements were made 
a t 30 0*1°C* Both d ire c t (s a lt  so lution  in  the c e ll) and
reverse (Kj^ MO(CN)g in  the c e ll) titra tio n s  were performed 
w ith d iffe re n t concentrations o f the reactan ts.
The re su lts  are summarised below. A few typ ica l curves 
are shown in  Pigs* 1A, 1B, 2A, 2B and 3A, 3B*
, z 3  z
mm JL ,
Table I  Ctonductoaetric titra tio n s
D lreo ti S a lt so lu tion  in  the c e ll.
7 o l. an3 Ctonc* 
o f S a lt Solution 
in  c e ll
V o l. o f 0.05M 
Kjj^ Mo(CN)g from
the curves fo r 
N iC l2 fo r C0CI2
Batlo  
Ni^^; Mo(C!f)g
Co+'^ j M6(CH)t" 8
40 ec, 0 .00075M 
40 eo, 0.00125M 










2 8 1*25 
2 t 1*05
2 ; 1.09 
2 : 1*0





Vol* and Gone, o f 
K^Mb(OT)g in  the
Vo l. o f 0*1M s a lt 




Mo(CH)g“  ^ Co'^ '^ * Mb(CU)g“
40 cc, 0*002QM O*6«eott»32a0 0*7 ca rti6 cc . 1rl»3|2i< *^;1*1*3}28l
40 cc, 0*0025M 0*76cc8l *85cc 0*88ce82*0cc 1|1*2$2%f«u8 t|1 *15281
Table I I  Potentiom etric titra tio n s *
D lre c ti Potassium molybdocyanide in  the c e ll.
Vol* and Cone* o f Vol* of s a lt  solutions
K^Mo(C®)g
10 cc, 0*2H 












Reverses S a lt  so lu tion  in  the c e ll.
V o l. and Cone, o f V o l. o f 0*05M 
the s a lt so lu tion  KiHo(CK)p from 
in  the c e ll
10 cc 0 .02M
10 cc 0*0125M











Ni^ '^ s Mo(CN)g Ck>'^ ’*8Mo(CN)^
2 8 1*05 
2 8 1*04 
2 8 1 . 0
Ratio
2.05 8 1 
2 .0 1  8 1 
2* 0  8 1
N i' ^8MdCaJ)g" Oo^ 8^ Mo(CN)^
2 8 1*07
2 8 1*04
2  8 1 * 0
2  8 1 * 0
2  8 0*87
2  8 1 * 0
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Table I I I .  Amperometrlc t itra tio n s . 
D ire c ts S a lt so lution in  the c e ll.
V o l. and Cone, of V o l. of K/^ Mb(CN)o 







20 cc, 0.005M 
20 cc, O.OG75M
Reverse: Kj^ Mo(CJN)g in  the c e ll
V o l. and Cone, of V o l. of 0#1M N1C12 
Kj^ Mo(CN)g from the curves
20 cc, .0025M 
20 oc, •003C»! 
20 cc, .00375M
1 .0 cc 




2 8 1.01 
2 : 1 .0 2
Batlo
2v
Co • tlio(CH)g '
2 : 1.08 
2 I 1 .02
Nl^^ j MdC!r)g’
2  8 1 
2 8 1 
2  8 1
piscm sioH
The reaction  between n ick e l chloride/cobalt chloride 
and potassium molybdocyanide may be represented by the 
fo llow ing sto ich iom etric equations8
( i )  MClg + K4Mo(CN)q 
( i i )  3MC12 t  2K4Mb(CN)g 
( i l l )  2MCI2 i  K4Mb(CN)g
( iv )  MClg 1 X Kj|^ Mo(CN)g
K2MMb(CH)g t  2 KCl 
s, K2M^(Mo(CN)g)2 f- 6 KCl
» I^ Mo(CN)g t  4 KCl
= I^MMo(CH)g (X-1)K4Mb(CN)g fZKC: 
(adsorption complex)
The re su lts  on conduct4metrlc, potentlom etrie and
amperometrlc titra tio n s  summarised in  the foregoing paragraph
4**give a ra tio  o f 2M 8 1Mo(CN)g" pointing towards the formation 
of the complex I(^ Mo(CN)g (M being Nl/Co) in  accordance w ith
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equation ( i l l )  given above. Further, a ra tio  of 1 *1 fo r the 
reactAnts is  a lso  foimd In  the case o f conductometrlc t itra tio n  
when the metal s a lt is  added to  the potassltM  molyMocTanide. 
in  the conductivity c e ll*  For th is  ra tio  the complex formed 
would have the composition K2MMb(CN)g#
The combining ra tio s  (both 2i1 and 1:1) show a s lig h t 
discrepancy from the sto ich iom etric equations. For almost 
a l l  the d iffe re n t concentrations of the reactants employed 
fo r these titra tio n s , the amomt of potassitm  molybdocyanide 
required is  la rg e r than the th eo re tica l values* This 
behaviour can w e ll be explained by assuming th at the fresh ly  
p recip itated  complexes have got the property of adsorbing 
Mo(CN)g* An in d ire c t proof o f the adsorptive capacity of the 
complexes was forthcoming from our prelim inary experiments* 
There i t  was found th a t the greaa p rec ip ita te  of n icke l 
molybdocyanide can be transformed in to  a stable so l when 
n ick e l ch loride is  added to a l i t t le  excess of potassitmi 
molybdocyanide* However, mixing in  the reverse order 
(E|^Mo(CN)g to N iC l2) resu lted  in  a th ick  p rec ip ita te  rather 
than a so l* A s im ila r behaviour was found w ith  cobalt 
molybdocyanide which could be obtained in  the form of a stable 
orange coloured so l by using excess of potassium molybdocsranide.
The potentiom etric studies need a sp ecia l mention here*
(
We observed tiia t potentiom etric titra tio u s  fo r th is
p rec ip ita tio n  reaction  can be successfu lly performed by 
employing a Mo(C3H)g \^ =±. Mo(CN)g“  t, e couple a t b right pla 
e lectrode. Typ ical curves (F ig . 2a ) are obtained when the
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metal so lution is  added to  tbs so lu tion  of potassium molyMo- 
cyanide containing a l i t t le  potassim  molybdicyanide* But 
in  the case of reverse titra tio n s  (P ig * SB) the curves are 
of a d iffe re n t nature, the e*m*f* increasing in  the in it ia l 
stages before showing a downward slope. This behavioia:' points 
towards the fa c t that the molybdo-molybdicyanide couple 
a tta in s  equilibrium  condition when an opt^um amount o f the 
reagent is  present to the titra tin g  c e ll*  When su ffic ien t 
amount df molybdocyanide ha^ be to added from the burette the 
curves have got the typ ica l n atu re .
Amperometric titra tio n s  carried  out w ith  potassium 
molybdocyanide in  the polarographic c e ll are d iffe re n t in  
shape than those which should be obtained on th eo re tica l 
considerations, fo r such titra tio n s  (reducib le  ions added to 
non-reducible ions in  the c e ll)*  The current increases 
appreciably on adding the t itra n t (P ig * 3B) and th is  is  more 
so fa r  Co* so lu tion  (re su lts  not g iven ). I t  was thought 
that the increase in  current might be due to the form ation of 
some interm ediate soluble complex* The products of in te r­
actions a t d iffe re n t stages in  th is  region were taken 
separately and polarograms drawn. The in  each case 
corresponded to the Ei of Ni^ ^ (-1*1V) and Co"^  ^ (-1*2V), 
thereby showing the non^jexistence o f a soluble complex in  
between. T itra tio n s w ith  the metal so lution in  the c e ll 
(F ig . 3A) were of the same nature as required on th eo re tica l 
grounds* I t  is  quite lik e ly  that the co llo id a l nature o f the 
so lu tion  in  the former case in fluence the performance of the
-  8
dropping mercury electrode and typ ic a l curves are not obtained 
there •
Thanks are due to P ro f. M.O. Farooq fo r providing 
f a c ilit ie s  and to the M in istry  of S c ie n tif ic  research and 
C u ltu ra l a ffa ir s , Govt, of In d ia  fo r the award o f a fellow ­
ship to one of us ( S . I J L , )  to carry-out th is  work.
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The composition o f the fre sh ly  p recip itated  n icke l
and cobalt cyano molybdates was detefmined using condiictometrlc,
potentiom etric and am perm etric laethods. The n icke l compoimd
is  green in  colour and it s  composition may be represented
as Nig Mo(C!N)g. The orange p recip ita te  of the cobalt cyano
molybdate has a lso  got the composition Co2Mo(CN)g. Reverse
conductometric t itra tio n  (s a lt  so lution  added to molybdocyanide
give evidence of the complexes H^Ni Mo(CN)g and K^CoHoCCSDg*
These titra tio n s  provide inform ation of the adsorption of
4-lfo(CN)g ions by the fre sh ly  p recip itated  complex. Botii the 
compotinds shov teiiviency to pass in to  the co llo id a l state when 
the s a lt  so lu tion  is  added to excess of potassium octacyano 
molybdate•
B o ll*  Choa. Sqq, Japan (In  press)
Cu- + Mo(CN)g" C u "  + Mo(CH)^ ’"
WAHID U. MALIK ^  S . IP T im R  ALI
In  continuation to our studies on the composition of
%
complex molybdocyanides of heavy metals by electrom etric 
methods (P a rt I ,  th is  jo u rn a l), investigations were extended 
to the copper complexes. The study of such complexes, besides 
providing inform ation regarding the composition o f cupric 
molybdocyanide, open a new aspect fo r fu rth er investigation  
v iz ., the existence o f redox p o ten tia l in  the system Cu" + 
Mo(C!H)q -==S Gu ' -y Mo(CN)g ' « L it t le  work has been done in  
th is  d irectio n  even fo r the well-knovn metal ferrocyanogen 
complexes and very few references are a va ilab le  in  the 
lite ra tu re  on th is  aspect of the problem.
For the f ir s t  time Davidson^ in  1937 drew atten tion  
towards the existence of Fe^^ -V FtiG3y)^ "i^ =  ^ Fe(Cy)^" t 
couple in  the slow form ation of ferric- ferrocyan id e while 
carrying out experiments on the icon blues. Very recen tly 
system atic studies on these lin e s  have been carried  out 
by M alik fo r systems lik e  Cu  ^ -t Fe(Cy)g ^ = ^ Fe (C y)|”  t  Cu^ ;^
Mn ’^^  i  Fe(Cy)g” ^  Pe(C y)g "t Mn^ "^  ; Cr^ *’’ -♦ Pe(Cy)g‘ ^ = ^
3t 4-Cr + Fe(Cy)g e tc ., applying amperometric methods.
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The present ocanmunlcatlon. deals -with two aspects of 
the problem o f copper complexes of a lk a li cyano m olyMatesi 
( i )  the composition o f the fre sh ly  p recip itated  cupric 
molyhdocyanide by electrom etric methods and ( i i )  the study 
of the cuprous ch loride potassium molybdicyanide reaction  




Solutions o f potassium molybdo- and molybdicyanide were 
prepared and standardised as given in  Pa rt X« Copper sulphate 
so lution  was prepared by d isso lving  weighed amount of A.R«
C rystals of the s a lt in  double d is t ille d  water and it s  strength
3 4determined iodom etrically • Cuprous ch loride was prepared
and weighed amount of i t  d issolved in  1H KCL so lution (a c id ifie d
w itJi a l i t t le  hydrochloric acid ) • The so lution  was kept under
a la ye r of p a ra ffin  to avoid oxidation* The strength of the
so lution  was determined by titra tin g  against 0*1K ammonium
thiocyanate, using fe r r ic  alum^ as the ind icato r*
Conductometric, potentiom etric and amperometric
titra tio n s  between copper sulphate and potassium molybdocyanide
were carried  out as described e a r lie r . Potentiom etric titra tio n j
between cuprous ch loride and potassium molybdicyanide were
carried  out, using Cu^  Cu"^ "^  t  e couple, obtained by
dipping b righ t platinum electrode in  a so lution of cuprous
ch loride containing a l i t t le  cupric chloride*
-I 3 ^
A ll the experiments were performed in  the dark room 
and the vessels were also  wrapped w ith  black paper to avoid 
the decomposition of potassium molybdicyanide.
The re su lts  are summarised below. A few typ ica l curves 
are shown in  F ig * 1A, IB , 2, 3A, 3B and 4a , 4B*
Table I .  Conductometrie titra tio n s#
D ire c t ! CJopper sulphate so lu tion  in  the c e l l .
V o l. and Cone, o f V o l. of 0.05M Ratio
CuSOi. in  the c e ll KiMo(CN)p from
tLcurvL,
40 cc, 0.00075M 0.3 cc 2 s 1.0
40 cc, 0.00125M 0.54cc 2 s 1.05
40 cc, 0 .0020M 0.84cc 2 * 1.05
40 cc, 0.0025M 1.1 Occ 2 s 1.09
Reverset Potassium molybdocyanide in  the c e ll
V o l. and Cone, o f V o l. o f 0.1 M CuSOi Ratio
K;lio(CN)o from the curves +4- 4-
^ ® Cu^^ : Mb(CN)g ^
40 ce, G .00075M 0,54 cc 2 « 1.0
40 cc, 0.00125M 0.86 ce 2 : I .16
40 cc, 0.0020M 1.48 cc 2 t 1.08
40 cc, 0.0025M 1 .80 cc 2 1 1 .1
t
Table I I .  Potentiom etric t it ra t io n s .
D ire c t; Potassium molybdocyanide in  the c e ll.
V o l. and Cone, o f V o l. o f O.iM CuSOa Ratio
K4Mo(CH)g frcm th« curves
10 cc, 0.02M 3.9 ce 2 t 1.02
10 cc, 0.125M 2.45 cc 2 : 1 .02
10 cc, 0.01M 1.90 cc 2 : 1.05
8
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Table I I I .  Amperopetric t itra tio n s .
D ire c t! Copper Sulphate So lu tion  in  the c e ll.
Voltage applied r  -0.47 Temp. 50 t  0*1®C.
V o l. and Cone, o f V o l. of 0.1M KiMo(CBr)o R a tio ’ 
,e©pper sulphate , Hb(CN)^
20 cc, 0.003M 0.30 2 t 1
20 cc, 0.005M 0.50 2 i 1
20 cc, 0.0075M 0.?2 2 s 1
Reverset Potassium molybdocyanlde in  the c e ll.
V o l. and Cone, o f V o l. o f 0.1M CuSOa Ratio
K4lSb(CN)3 from the curves , ifo (c u )P
* o
20 cc, 0.0015M 0.6 cc 2 t 1
20 cc, 0 .0025M 1.0 cc 2 * 1
20 cc, 0.00375M 1 .46 cc 2 t 1.02
Table IV . Potentlcm etrlc titra tio n s  between cuprous 
ch loride and potassium molybdlcyanide.
D ire c ts Potassium molybdicyanide in  the c e ll.
V o l. and Cone, o f V o l. o f 0.0794M COgClo Ratio  -
K3Mb(CN)g from the curves , Mo(CN)g
5 cc, 0.0276K 1.0 2.0 1.12 : 2 1.12 : 1
5 cc, 0.0368M 1.3 2.6 1.12 s 2 1.12 : 1
5 cc, 0.046m 1.6 3.2 l . ld  : 2 1.12 : 1
Reverse? Cuprous ch loride In  the c e ll.
V o l. and Cone, o f V o l. o f 0.046m K^MoCOff)o Ratio  ,
CUgCl^  from the curves Cu'*’' t M6(CN);’
8
5 cc, 0.0397M 3.8 7.7 1.1 | *’ 1 1.13 : 2
5 cc, 0.0619M 6.0 12.0 1.14 I 1 1.14 * 2
5 cc, 0.0794m 7.2 14.4 1.19 * 1 1.19 * 2
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Conductometrie titra tio n s  between copper sulphate and 
potassium molybdocyanide (F ig . lA , IB ) give the Tjatio to 
M0(CH)g as 2 i 1 , Potentiom etric titra tio n s  carried  out 
w ith  CuSO  ^ so lu tion  in  the c e ll did not g ive typ ica l t itra tio n  
cnrves and there was a sharp r is e  in  p o ten tia l on the addition 
of even sm all amount of molybdocyanide (containing a l i t t le  
molyhdicyanide) from the hurette* T itra tio n s carried  out in  
the reverse manner, v iz ., by adding copper sulphate solution 
to the molybdocyanide in  the c e ll (Mo((3H>g Mo(CN)g ^  t  «
eouple a t the b righ t platinum electrode) gave very sa tisfacto ry  
resu lts (F ig *  2 ) and here too a ra tio  of 2 : 1 was found
to e x is t. However, both these methods gave a l i t t le  more of 
potassium molybdocyanide than required by the stoichicaaetric 
equatiom 2 CuSO  ^ K/jMo(CH)g a CJUg lfo(CN)g \  21^80  ^ fo r the 
form ation of the comples;. Here th is  may also  be attributed  
to the adsorption o f !fo(CN)g by the fre sh ly  p recip itated  
ccaaplex although the adsorption e ffe c t is  not so marked as 
in  the case o f cobalt and n ick e l complexes (P a rt !)•  The 
behaviour of copper molybdocyanide is  also  s lig h tly  d iffe ren t, 
from those of, cobalt and n ick e l molybdocyanides in  as much 
as that the p rec ip ita te  of la t te r  pass in to  co llo id a l solution 
more re a d ily  than the form er. Amperometric titra tio n s  
(F ig . 3A, 3B) both d ire c t and reverse give the ra tio  2 ; 1, 
again pointing towards the form ation o f the complex Cu2Mo(CH)g.
Conductometric titra tio n s  as w e ll as the amperometric 
t itra tio n s  were unsuccessful in  investigating  the reaction
-  6  -
l3etweem otiprpus ch loride and potassittm molybdicyanlde* In  
the la tte r  su itab le  p o ten tia l to be applied could not be found 
i^ le  in  tfcie la t te r  sharp points o f in tersectio n  a t the 
equivalence point were not rea lised * However, potentiom etrie 
titra tio n s  a t the Cu^  Cu^  ^ i  e couple (P t  electrode dipped 
in  a so lution  of cuprous ch loride containing a l i t t le  cupric 
ch loride) gave typ ica l t itra tio n  curves w ith  two sharp breaks 
(F ig . kk, 4 B ). The values fo r the ra tio  Cu : Mo(CN)g ' being 
nearly 1 x 2 and 1 * 1  resp ective ly*
Before assigning a p a rticu la r formula to  t^e compleif
formed by th is  reaction  i t  is  important to consider tiie
oxidation reduction reaction  : Cu’^- M o (C N )g is Cu^' 'f Mo(CN)g ”
Taking the redox po ten tia ls of MoCca5)g“’” ^=S Mo(CH)g""  ^ e as
-0.827 and that of Cu '^ ;^  Cu^ *^   ^ e as -0.1 ?V , the equilibrium
constant of the above mentioned redox reaction  comes out to be
121 .5 X 10 . I t  means that during the in te ractio n  of cuprous
ch loride and potassium m olybdicyanide, a large amount of cuprous 
is  oxidised to the cupric state  and the molybdicyanide is  
reduced to the molybdocyanide.
On the basis o f the above explanation the reaction  
should take place in  the follow ing two steps.
CUgClg t  2K3Ho(CN)g 4 2KC1 s 2 CuCl^ t  2 K/^Mo(CN)g. 
follow ed by, 2 CuClg t  2 K/^Mo(CH)g = 2 KgCuMoCcaDg -f 2 KOI 
The ra t io  1 : 2  (Cu  ^ : Mo(caJ)g 0 found on the basis of 
potenticaaetric t it r a t io n  support the above mechanism since 
the o v e ra ll reaction  would be Ct^Clg t  2K^Mo(C3l)g =
2K  ^ CU!fo(CN)g \  2 KC l, g iving the complex K2Cu^^^^^(CN)g*
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Whether an oxidation-reductlon equilibrium  (K s 1*5 x 10 ’ 
eaxL ecm pletely hold good in  the case o f p rec ip ita tio n  reactions 
Is  rather d if f ic u lt  to say. I t  is  quite probable that some 
of the cuprous ch loride is  p recip itated  by potassium molybdi- 
cyanide before mutual oxidation takes place and some cuprous 
molybdftcyanide is  also  formed. Under these conditions a ra tio  
of 1 8 1 fo r the reactants should be re a lis e d . This is  iihat 
we a c tu a lly  get from the second break of the d ire c t and thB 
f ir s t  break of the reverse titra tio n s *  To sum up i t  may be 
said that the products of in teractio n  between cuprous chloride
'8
12
and potassium cyanomolybdate^ are predominantly KgCu^^^^CCSI), 
although a l i t t l e  amount of K Ct^Mo^(CH)g is  a lso  formed^
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§ .PM M ,A .g. I
The reaction  between copper sulphate and potassium 
molybdocyanide was studied using conductometric, potenticm etric 
and amperometric methods. The sto ichiom etric ra tio  of 2 ; 1 
fo r Cvf- to Mo(CN)g'’ correspond to  the form ation of CUg Ho(C!N)g* 
The in te ractio n  of cuprous ch loride and potassium molyhdicyanide 
resu lted  in  the formation o f ^Cu^^Mo^^(CN)g. Evidence fo r 
the existence of a redox p o ten tia l in  the system Cu^   ^ Mo(CN)^^ 
\  Mo(GN)g* could be obtained for the la tte r  reaction  on 
the basis of potentiom etric titra tio n s *
